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ENVIRONMENTAL  PROTECTION 
AGENCY 

[40CFR  Part  86] 

[FRL  528-8] 

CONTROL  OF  AIR  POLLUTION  FROM  NEW 

MOTOR  VEHICLES  AND  NEW  MOTOR 

VEHICLE  ENGINES:  CERTIFICATION 

AND  TEST  PROCEDURES 

Revised  Heavy  Duty  Engine  Regulations  for 
1979  and  Later  Model  Years 

The  Environmental  Protection  Agency 
(EPA)  is  considering  amendments  to 
Subparts  A  and  I  of  Part  86  of  Title  40 
of  the  Code  of  Federal  Regulations.  In 
addition,  a  new  Subpart  D  combining 
previous  Subparts  H  and  J  has  been 
developed.  These  amendments  set  new 
standards  for  heavy  duty  gasoline-fueled 
and  Diesel  engines,  revise  the  section 
numbering  to  reflect  applicability  to  the 
1979  and  later  model  years,  and  also  re¬ 
vise  parts  of  the  current  test  procedures. 

In  spite  of  the  gains  made  in  control 
of  air  pollution  there  are  many  air  qual¬ 
ity  control  regions  which  will  not  be  able 
to  meet  ambient  air  quality  standards. 
Motor  vehicles  contribute  a  large  per¬ 
centage  of  the  total  hydrocarbons,  car¬ 
bon  monoxide  and  oxides  of  nitrogen 
contaminants.  As  standards  on  light  duty 
vehicles  and  light  duty  trucks  are  made 
more  stringent,  a  larger  portion  of  these 
pollutants  will  come  from  heavy  duty 
vehicles. 

Standards  are  proposed  beginning 
with  the  1979  model  year  for  both  gas¬ 
oline-fueled  and  Diesel  heavy  duty  en¬ 
gines  of  1.5  gms/BHP-hr.  hydrocarbon 
(HC) ,  25  gms/BHP-hr.  carbon  monoxide 
(CO) ,  and  10  gim/BHP-hr.  hydrocarbon 
plus  oxides  of  nitrogen  (HC-|-NOx) .  Chir- 
rent  standards  are  16  gms/BHP-hr.  HC+ 
NOx  and  40  gms/BHP-hr.  CO  without 
a  separate  HC  requirement.  Additionally, 
a  Diesel  engine  peak  smoke  opaci^ 
standard  of  35  percent  instead  of  the 
present  50  percent  standard  is  proposed 
to  prevent  degradation  in  on  the  road 
smoke  levels  as  a  result  of  changes  in 
gaseous  emissions  standards.  Nearly  all 
currently  certifled  engine  families  have 
demonstrated  smoke  levels  at  or  below 
35  percent  peak  opacity.  Acceleration 
and  lugging  mode  Diesel  smoke  stand¬ 
ards  of  20  and  15  percent  are  unchanged 
by  the  proposal. 

Test  procedure  revisions  Include  the 
substitution  of  more  accurate  instru¬ 
mentation  for  measurement  of  gasoline- 
fueled  engine  HC  and  both  gasoline- 
fueled  and  Diesel  NOx  measurements; 
the  addition  of  speciflc  calibrations  and 
maintenance  procedures;  and  minor  re¬ 
visions  to  the  test  cycles. 

This  action  is  forecast  to  result  in  a 
reduction  in  1990  nationwide  emissions 
of  0.6  to  0.7  million  tons  HC,  up  to  1.8 
million  tons  CO.  and  0.4  to  1.0  million 
tons  of  NOx.  These  reductions  corre¬ 
spond  to  urban  air  quality  Improvements 
of  1  to  4  percent  for  oxidants,  1  percent 
for  carbon  monoxide  and  1  to  4  percent 
for  nitrogen  dioxide. 

The  retail  price  for  heavy  duty  trucks 
is  expected  to  Increase  approximately 


$110  for  gasoline-fuel  vehicles  and  120 
for  Diesel  vehicles.  The  aggregate  five 
year  cost  of  the  proposal  is  forecast  to 
be  $378  million. 

An  evaporative  HC  standard  Is  not  a 
part  of  the  proposed  regulations.  This  is 
because  an  adequate  test  procedure,  such 
as  the  enclosiu-e  (SHED)  method,  has 
not  been  fully  developed  for  application 
to  heavy  duty  vehicles.  Further,  a  com¬ 
prehensive  compliance  assurance  mech¬ 
anism  to  deal  with  vehicles  rather  than 
engines  alone  has  not  been  established. 

EPA  believes  that  the  proposed  emis¬ 
sion  levels  are  achievable  with  ciu'rent, 
production  proven  technology.  A  lead 
time  of  one  year  should  be  svifficient  to 
incorporate  this  technology  into  produc¬ 
tion  engines.  Further,  it  is  expected  that 
engines  meeting  the  proposed  standards 
need  not  suffer  any  loss  in  fuel  economy 
if  already  demonstrated  fuel  efficient 
technology  is  employed.  The  standards 
proposed  were  selected  because  they  rep¬ 
resent  a  significant  and  cost  effective  re¬ 
duction  in  emission  levels,  especially  HC, 
obtainable  in  the  short  term  without  use 
of  catalyst  or  costly  and  unproven  tech¬ 
nology. 

A  separate  HC  standard  is  included  in 
the  proposed  regffiations.  Test  measure¬ 
ments  of  HC  correspond  well  with  actual 
on  the  road  emissions,  and  an  individual 
standard  plus  a  combined  HC  and  NOx 
standard  will  give  incentive  for  HC  con¬ 
trol.  This  necessary  control  will  be  effec¬ 
tive  in  reducing  atmospheric  oxidant 
levels. 

Certain  modifications  to  certification 
practices  are  proposed.  The  requirement 
that  the  Administrator  specify  the  en¬ 
gine  displacement  with  the  highest  pro¬ 
jected  sales  within  a  control  system  for 
durability  testing  has  been  eliminated. 
This  provision  imnecessarily  limited  the 
Administrator’s  ability  to  require  a  show¬ 
ing  that  a  particular  displacement  could 
meet  the  requirements  of  the  regulations. 

Maintenance  provisions  for  gasoline- 
fueled  and  Diesel  engines  have  been  mod¬ 
ified  to  include  EGR  systems  and  cata¬ 
lytic  converters.  Essentially,  light  duty 
vehicle  regulations  on  these  topics  have 
been  modified  to  apply  to  heavy  duty 
engines.  Neither  the  use  of  EGR  systems 
or  catalytic  converters  are  considered- 
necessary  to  meet  the  proposed  stand¬ 
ards.  However,  if  used,  warning  devices 
to  alert  the  engine  operator  to  the  need 
for  EGR  or  catalyst  maintenance  are 
required,  and  the  conditions  under  which 
maintenance  may  be  performed  are 
specified. 

The  “zero  hour”  emission  test  is  no 
longer  required  nor  allowed.  Manufac¬ 
turers  will  continue  to  be  required  to 
supply  information  on  components  used 
on  certification  engines  prior  to  service 
accvunulation  in  order  to  assure  that 
these  engines  are  representative  of  en¬ 
gines  intended  for  production. 

Specifications  for  service  accumula¬ 
tion  gasoline  have  been  modified  to  more 
accurately  reflect  commercially  available 
fuel.  The  minimum  lead  and  phosphorus 
content  requirements  for  unleaded  fuel 
have  been  deleted.  Sensitivity  (research 
minus  motor  octane)  must  be  at  least  8 


octane  numbers.  S(xne  of  these  changes 
were  previously  made  in  the  light  duty 
vehicle  regulations.  EPA  believes  that 
the  same  fuel  specifications  should  ap¬ 
ply  to  heavy  duty  engines,  with  the  one 
exception  that  Reid  vapor  pressure  cor¬ 
responding  to  seasonal  fuel  changes  will 
not  be  reqviired  since  heavy  duty  engine 
testing  is  normally  performed  under  con¬ 
trolled  ambient  conditions. 

Several  changes  have  been  made  to  the 
test  cycle  for  gasoline-fueled  engines.  A 
change  to  engine  torque  to  define  the  . 
various  operating  modes  (instead  of 
engine  manifold  vacuum)  for  the  9-mode 
test  is  most  significant.  This  was  neces¬ 
sary  to  accommodate  supercharged 
engines  which  do  not  operate  imder 
vacuum  conditions  in  all  modes.  Also, 
engines  utOizing  EGR  have  widely  vary¬ 
ing  vacuums  for  a  given  power  setting. 
Data  from  19  representative  engines  were 
statistically  analyzed  in  arriving  at 
equivalent  percent  torque  set  points 
corresponding  to  the  current  manifold 
vacuum  set  points.  Values  of  10,  25.  55, 
and  90%  of  maximum  observed  torque 
were  derived  to  replace  the  manifold 
vacuum  levels  of  19,  16,  10,  and  3  inches 
of  mercury.  The  test  cycle  as  modified 
closely  corresponds  to  the  existing  9- 
mode  cycles.  Only  the  definition  of  the 
operating  points  has  been  changed. 

Although  the  emission  test  has  been 
defined  in  terms  of  torque,  service  ac¬ 
cumulation  can  be  carried  out  vmder 
manifold  vacuum,  manifold  pressure  or 
torque  control.  The  manufactiirer  will 
be  required  to  select  a  method  and  then 
notify  ET*A.  This  option  was  included  to 
allow  flexibility  in  instrumentation  and 
control  systems. 

Two  other  related  changes  in  the  9- 
mode  test  procedures  have  been  made. 
First,  time  in  mode  has  been  increased 
to  a  uniform  60  seconds  for  each  mode. 
Second,  the  number  of  cycles  per  test 
has  been  reduced  from  four  to  two.  As 
a  consequence,  the  overall  test  is  ap¬ 
proximately  the  same  length.  Any  loss 
in  test  repeatability  from  fewer  cycles 
is  compensated  by  increased  measure¬ 
ment  time  available  during  each  cycle. 
These  changes  were  made  to  give  the  test 
operator  time  to  determine  proper  in¬ 
strument  ranges  and  to  take  all  required 
readings.  Even  though  mode  times  are 
changed,  the  prior  weighting  factors  are 
retained.  B3*A  testing  indicates  that  these 
revisions  do  not  significantly  affect  aver¬ 
age  test  results. 

Several  significant  changes  for  both 
gasoline-fueled  and  Diesel  engine  sam¬ 
pling  and  analytical  systems  have  been 
proposed.  Hydrocarbons  (HC)  will  be 
measured  by  a  heated  flame  ionization 
detector  (HFID)  replacing  the  present 
non-dispersive  infrared  (NDIR)  ana¬ 
lyzer  used  in  testing  gasoline-fueled 
engines.  The  Diesel  test  procedure  al¬ 
ready  uses  an  HFID.  The  FID  is  more 
accurate  and  stable,  and  has  a  linear 
response.  The  requirement  for  a  heated 
Instrument  will  eliminate  water  con- 
doisation  and  exhaust  sample  con- 
densatlon  (htmg-up)  difficulties.  Be¬ 
cause  HFIDb  are  more  sensitive  than 
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current  analyzers,  the  proposed  stand¬ 
ards  have  been  adjusted  to  reflect  ttitt 
change  in  instrumentation.  In  addition, 
a  carbon  dioxide  measurement  by  )n:>IR 
is  now  required  for  Diesel  engines  to 
provide  a  basis  for  calculating  and  com¬ 
paring  air  fuel  ratio  to  measured  values. 
Carbon  dioxide  data  are  also  used  in 
calculating  the  total  mass  of  exhaust. 

Oxides  of  nitrogen  will  be  measured 
by  a  CL  analyzer  Instead  of  the  current 
NDIR  instruments.  The  CL  analyzer, 
when  coupled  with  a  reducing  converter, 
will  measure  total  oxides  of  nitrogen 
(NO  +  NO*)  and  not  just  nitric  oxide 
(NO)  as  is  the  case  with  the  current 
NDIR  analyzers.  Since  more  than  one 
compoimd  is  to  be  measured,  it  would 
appear  that  any  total  nitrogen  oxides 
instrument  would  give  higher  concen¬ 
trations  than  an  instrument  that  only 
measures  NO.  However,  since  the  CL 
analyzer  is  not  subject  to  interference 
from  water  vapor  and  carbon  dioxide 
it  may  give  a  slightly  lower,  but  more 
accurate,  total  reading  than  the  cur¬ 
rent  NDIR  instrumait. 

Coincidental  with  the  change  in  ana¬ 
lyzers  the  exhaust  sample  conditioning 
and  transport  system  has  been  modified. 
These  revisions  in  line  length,  transit 
time,  arrangements,  heating  require¬ 
ments,  etc.  are  necessary  to  insure  sam¬ 
ple  integrity  and  accurate  results.  Cali¬ 
bration  procedures  and  instrxunent 
checks  have  been  revised  accordingly. 
Variations  in  either  the  instruments  or 
analytical  system  are  permissible.  How¬ 
ever,  prior  EPA  approval  based  on  proven 
equivalency  is  necessary  before  a  modi¬ 
fied  system  can  be  used. 

Test  data  requirements  have  been  ex¬ 
panded.  Fuel  temperature,  humidity,  air 
temperature,  and  fuel  hydrogen  to  car¬ 
bon  ratio  must  now  be  supplied.  These 
data  are  needed  to  calculate  a  correction 
factor  to  account  for  water  vapor  in  the 
HPID  sample.  Currently,  engine  air  flow 
is  measured  for  diesel  engines  and  not 
for  gasoline-fueled  engines.  The  air  flow 
measurement  of  gasoline -fueled  engines 
is  now  being  proposed.  This  will  provide  a 
basis  for  calculating  the  wet  to  dry  sam¬ 
ple  correction  factor  (Kw)  and  will  also 
be  used  in  computing  a  measured  air 
fuel  ratio  to  be  compared  to  the  air  fuel 
ratio  calculated  from  the  exhaust  gas 
constituents.  This  will  serve  as  the  only 
overall  system  quality  control  check. 
Measured  and  calculated  values  must 
agree  within  10%  for  a  valid  test.' 

EPA  recognizes  that  this  requirement 
is  an  additional  burden  for  the  gasoline- 
fueled  engine  manufacturers  and  testing 
laboratories.  However,  the  confidence  in 
test  accuracy  which  a  system  quality  con¬ 
trol  mechanism  provides  is  an  overrid¬ 
ing  consideration. 

There  may,  of  course,  be  other  methods 
of  accomplishing  the  quality  control  ob¬ 
jectives  such  as  use  of  a  tracer  gas.  How¬ 
ever,  EPA  has  no  experimental  experi¬ 
ence  with  such  a  method  as  applied  to 
heavy  duty  engines.  EPA  Invites  the  sub¬ 
mission  of  data  on  alternative  quality 
control  mechanisms  as  well  as  on  the  use 


of  measured  and  calculated  air  flow  for 
♦hi.s  purpose.  If  a  less  complicated,  but 
equally  comprehensive  total  system  check 
is  available,  EPA  will  consider  it  as  an 
alternative  to,  or  replacement  for,  the  air 
flow  measurement  requirement  in  final 
rulemakiilg. 

Preconditioning  for  gasoline-fueled 
engine  tests  now  begins  with  an  engine 
that  is  warmed  up  at  progressively  high¬ 
er  loads  imtil  maximum  torque  is  de¬ 
termined.  As  in  current  practice,  the 
engine  must  be  allowed  to  stand  for  one 
to  two  hours  at  25±5°C  prior  to  the  ac¬ 
tual  test.  Each  test  consists  of  a  5  minute 
idle  followed  by  two  9-mode  cycles.  Each 
mode  is  (me  minute  long  and  exhaust 
gases  are  evaluated  over  the  last  10  sec¬ 
onds  (50  seconds  for  the  closed  throttle) . 
Only  one  significant  change  has  been 
made  in  the  Diesel  13-mode  test  cycle. 
The  time  in  mode  has  been  reduced  from 
10  minutes  per  mode  to  5  mintues  per 
mode  to  si^ilflcantly  reduce  the  time 
required  to  complete  an  entire  test.  Man¬ 
ufacturers  are  invited  to  supply  data  on 
the  effect  of  reduced  mode  time  on  emis¬ 
sion  levels,  if  any,  and  to  comment  on 
any  resource  savings  which  may  result. 

Emission  level  calculations  for  CO, 
COa  and  NOx  are  made  on  a  dry  basis 
(i.e.,  with  water  vapor  removed) ;  a  cor¬ 
rection  is  applied  to  the  wet  HC  measure ' 
ments.  (Thart  reading  requirements  have 
been  clarified  and  computers  or  other  de¬ 
vices  may  be  substituted  for  manual  mon¬ 
itoring  if  they  meet  the  requirements  of 
the  pertinent  subpart. 

All  Diesel  engine  test  procedures  are 
now  contained  in  the  proposed  regula¬ 
tions.  References  to  Society  of  Automo¬ 
tive  Engineers  practices  have  been  elimi¬ 
nated  and  the  required  pr(x;edure  is  now 
fully  stated  in  the  regulations. 

Ihesel  fuel  specifications  for  service 
accumulation  have  been  revised.  The  re¬ 
vised  fuel  specification  should  make  serv¬ 
ice  accumulation  fuel  easier  to  obtain 
and  should  also  better  reflect  the  compo¬ 
sition  of  commercially  available  fuel. 

It  is  unlikely  that  carry-over  emission 
data  will  be  allowed  for  certification  be¬ 
cause  of  the  standards  changes  coupled 
with  extensive  revisions  to  the  analytical 
mefisurement  system  which  now  meas¬ 
ures  total  NOx.  Only  nitrous  oxide  (NO) 
was  measured  previously. 

In  summary,  the  proposed  regulations 
make  more  stringent  the  emission  stand¬ 
ards  applicable  to  1979  and  later  model 
year  heavy  duty  engines.  EPA  believes 
that  these  standards  are  feasible,  will 
result  in  no  fuel  penalty,  and  can  be  met 
without  the  use  of  catalysts.  Without 
more  stringent  controls  on  all  motor 
vehicles  many  Air  Quality  Control 
Regions  will  be  unable  to  meet  ambient 
air  quality  standards.  Along  with  new 
standards.  Improvements  in  test  proce¬ 
dures  and  equipment  are  also  proposed. 

Recently  EPA  has  received  information 
that  suggests  that  some  manufacturers 
may  be  contemplating  the  development 
of  Diesel  engines  for  use  in  vehicles  that 
fall  into  the  lower  part  of  the  weight 
range  of  vehicles  clas.slfied  as  heavy  duty. 


which  vehicles  are  currently  almost  ex¬ 
clusively  powered  by  gasoline  engines. 
EPA  is  concerned  about  the  appropriate 
testing  of  such  engines  because  the  cur¬ 
rent  heavy  duty  Diesel  durability  test 
schedule,  which  is  much  more  severe 
than  the  heavy  duty  gasoline  test  sched¬ 
ule,  may  hinder  the  introduction  of  light¬ 
er  duty  Diesel  engines  for  applications 
in  lighter  trucks  currently  powered  by 
gasoline  engines.  EPA  hereby  requests 
comments  and  suggestions  on  a  means* 
of  defining  this  emerging  new  class  of 
engines,  as  well  as  on  a  test  protocol 
appropriate  for  the  testing  of  these 
engines. 

Relevant  comments,  views,  suggestions 
and  data  from  any  individual  or  group 
on  pertinent  topics  will  be  considered  in 
drafting  final  regul«(tions. 

40  CFR,  Part  86,  as  amended  would 
becenne  effective  30  days  after  publica¬ 
tion  and  would  be  applicable  to  1979  and 
subsequent  model  year  heavy  duty  en¬ 
gines.  The  current  regulations  which  ap¬ 
pear  in  40  CFR,  Part  85  and  Part  86 
would  remain  in  effect  for  1974  through 
1978  model  year  engines. 

Interested  persons  may  submit  writ¬ 
ten  data,  views,  or  arguments  (in  quad¬ 
ruplicate)  to  the  Administrator,  En¬ 
vironmental  Protection  Agency,  Atten¬ 
tion:  OflBce  of  Mobile  Source  Air  Pol¬ 
lution  Control  <AW-455),  401  M  Street. 
S.W.,  Washington.  D.C.  20460.  All  rele¬ 
vant  material  rec^ved  not  later  than 
August  23.  1976  will  be  considered.  C(xn- 
ments  submitted  shall  be  available  for 
public  inspection  during  normal  business 
hours  at  the  Environmental  Protection 
Agency,  Public  Informatl(m  Reference 
Unit,  R(X)m  2922  (EPA  Library) .  4th  and 
M  Streets,  S.W„  Washington,  D.C.  20460. 

A  Document  entitled  “An  Examination  > 
of  Interim  Emission  Control  Strategies 
for  Heavy  Duty  Vehicles”  which  de¬ 
scribes  the  need  for  additional  control 
and  the  technical  development  of  pro¬ 
posed  standards  Is  available  from  the 
Director,  Emission  Control  Technology 
Division,  2565  Plymouth  Road.  Ann 
Arbor,  Michigan  48105. 

Single  copies  of  the  Draft  Environ¬ 
mental  Impact  Statement  for  this  regu¬ 
lation  are  available  upon  request  from 
the  Public  informatiem  Center  (PM- 
215),  U.S.  EnvircHunental  Protection 
Agency.  Washington.  D.C.  20460.  The 
Draft  Enviroxunental  Impact  Statement 
discusses  the  envircximental  and  eco¬ 
nomic  impacts  of  the  proposed  regu¬ 
lation. 

This  notice  of  proposed  rulemaking  is 
issued  under  the  authority  of  sections 
202,  206,  207,  208  and  301(a)  of  the 
Clean  Air  Act,  as  amended  (42  U.S.C. 
1857f-l,  1857f-5,  1857f-5a.  1857f-6  and 
1857g(a)).  . 

It  is  hereby  certified  that  the  economic 
and  inflationary  impacts  of  this  pro¬ 
posed  regulation  have  been  carefully 
evaluated  in  accordance  with  Executive 
Order  11821. 

Dated:  May  7. 1976. 

John  Qttarles, 
Acting  Administrator, 
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It  is  proposed  to  amend  40  CFR  Part 
80  as  follows: 

1.  A  new  section  86.079-2  is  added  and 
reads  as  follows: 

§  86.07‘)— 2  Deftiiitions. 

The  following  definitions  apply  begin- 
mng  with  the  1979  model  year.  Other 
trartions  of  §  86.077-2  remain  effective. 

“Gross  vehicle  weight  rating”  (GVWR) 
means  the  value  specified  by  the  manu- 
factm’er  as  the  maximum  design  loaded 
weight  of  a  single  vehicle. 

“Hang-up”  means  any  hydrocarbon 
molecules  that  are  absorbed,  adsorbed, 
condensed,  or  by  any  other  method  re¬ 
moved  from  the  sample  flow  prior  to 
reaching  the  instrument  detector. 

“Intermediate  speed”  means  peak 
torque  speed  if  peak  torque  speed  occurs 
between  60  and  75  r>ercent  of  rated  speed. 
If  the  peak  torque  speed  is  outside  of 
these  specifications,  intermediate  s[>eed 
Ls  defined  as  60  percent  of  rated  speed. 

“Tium  dovm  ratio”  means  the  ratio  of 
tlie  minimum  detectable  quantity  to  the 
maximum  detectable  quantity. 

2.  A  new  section  86.079-10  is  added  and 
reads  as  follows: 

S  86.070—10  FniiNHion  Hlandurds  f€»r 
1070  gaMtliiie-fueled  duty  en- 

(a) (1)  Exhaust  emissions  from  new 
1979  and  later  model  year  gasoline-fueled 
heavy  duty  engines  shall  not  exceed: 

(1)  Hydrocarbons.  1.5  grams  per  brake 
horsepower  hour. 

(il)  Carbon  monoxide.  25  giums  per 
brake  horsepower  hour. 

(lii)  Hydrocarbons  plus  oxides  of 
nitrogen.  10  grams  per  brake  horsepower 
hour. 

(2)  The  standards  set  forth  in  para¬ 
graph  (a)(1)  of  this  section  refer  to  a 
composite  sample  representing  the  op¬ 
erating  cycle  set  forth  in  subpart  D  and 
measiu^d  in  accordance  with  those 
procedures. 

(b)  (Reserved) 

(c)  (See  paragraph  (c)  of  S  86.077-10) . 

(d)  Every  manufacturer  of  new  motor 
v^ilcle  engines  subject  to  the  standards 
prescribed  in  this  subpart  shall,  prior  to 
taking  any  of  the  actions  specified  in  sec¬ 
tion  203(a)(1)  of  the  Act,  test  or  cause 
to  be  tested  motor  vehicle  engines  in  ac¬ 
cordance  with  test  procedures  prescribed 
in  subpart  D  to  ascertain  that  such  test 
engines  meet  the  requirements  of  para- 
erraphs  (a)  and  (c)  of  this  section. 

3.  A  new  section  86.079-11  is  added 
and  reads  as  follows: 

§  B6.079— 1 1  Emissions  standards  ~  f<»r 
1979  Diesel  heavy  duty  engines. 

(a)  (1)  The  opacity  of  smoke  emissions 
from  new  1979  and  later  model  year 
Diesel  heavy  duty  engines  shall  not 
exceed: 

(1)  20  percent  during  the  engine  ac¬ 
celeration  mode. 

(il)  15  percent  during  the  engine  lug¬ 
ging  mode. 

(ill)  35  percent  during  the  peaks  in 
either  mode. 

(2)  Hie  standards  set  forth  in  para¬ 
graph  (a)(1)  of  this  section  refer  to  ex- 


PROPOSEO  RULES 

haust  smoke  emissions  generated  under 
the  conditions  set  forth  in  Subpart  I 
and  measured  and  calculated  in  accord¬ 
ance  with  those  procedures. 

(b) (1)  Exhaust  gaseous  emissions 
from  new  1979  and  later  model  year 
Diesel  heavy  duty  engines  shall  not 
exceed: 

(1)  Hydrocarbons.  1.5  grams  per  bmke 
liorsepower  hour. 

(il)  Carbon  monoxide.  25  gmms  per 
brake  horsepower  hour. 

(ili)  Hydrocarbons  plus  oxides  of  nitro¬ 
gen.  10  grams  per  brake  horsepower 
'hour. 

(2)  The  standards  set  forth  in  para¬ 
graph  (b)  (1)  of  this  section  refer  to  ex¬ 
haust  gaseous  emissions  generated  imder 
the  conditions  set  forth  in  subpart  D  and 
measured  and  calculated  in  accordance 
with  those  procedures. 

(c)  through  (d)  (See  paragraphs  (c) 
through  (d)  of  S  86.077-11). 

(e)  Everj’  manufacturer  of  new  motor 
vehicle  engines  subject  to  the  standards 
prescribed  in  this  subpart  shall,  prior  to 
taking  any  of  the  actions  specified  in  sec¬ 
tion  203(a)  (1)  of  the  Act,  test  or  cause 
to  be  tested  motor  vehicle  engines  in  ac¬ 
cordance  with  test  procedures  prescribed 
in  subparts  D  and  I  to  ascertain  that 
such  test  engines  meet  the  requirements 
of  paragraphs  (a)  and  (b)  of  this  section. 

4.  A  new  section  86.079-23  is  added 
and  reads  as  follows: 

§  86.079-2.3  lt;-quir«-jl 

The  manufacturer  shall  perform  the 
tests  required  by  the  applicable  tost  pro¬ 
cedures,  and  submit  to  the  Administra¬ 
tor  the  following  information: 

(a)  Durability  data  on  such  vehicles 
(or  engines)  tested  in  accordance  with 
the  applicable  test  procedures  and  in 
such  numbers  as  specified,  which  will 
show  the  performance  of  the  systems  in¬ 
stalled  on  or  Incorporated  in  the  vehi¬ 
cle  (or  engine)  for  extended  mileage  (or 
extended  operatlcm),  as  well  as  a  rec¬ 
ord  of  all  pertinent  maintenance  (all 
maintenance  and  servicing  for  heavy 
duty  engines)  performed  on  the  test 
vehicles  (or  test  engines).  Maintenance 
and  servicing  of  heavy  duty  engines  per¬ 
formed  prior  to  tiie  zero  hour  point  need 
not  be  submitted. 

(b)  through  (b)(1)  (ii)  (See  para¬ 
graphs  (b)  through  (b)(1)  (ii)  of 
S  86.077-23) . 

(2)  Certification  engines.  Emission 
data  on  such  engines  tested  in  accord¬ 
ance  with  applicable  emission  test  pro¬ 
cedures  and  in  such  niunbers  as  speci¬ 
fied,  which  will  show  their  emissions 
after  125  hours  of  operation. 

(c) (1)  (See  paragraph  (c)(1)  of 
S  86.077-23). 

(2)  For  heavy  duty  engines,  a  state¬ 
ment  that  engines  for  which  certification 
is  requested  conform  to  the  requirements 
In  S  86.077-5 (b)  and  that  the  descrip¬ 
tions  of  tests  performed  to  ascertain 
compliance  with  the  general  standards  in 
§  86.077-5 (b)  and  the  data  derived  from 
such  tests  are  available  to  the  Adminis¬ 
trator  upon  request. 

(d) (1)  For  light  duty  vehicles  and 
light  duty  trucks,  a  statement  that  the 


test  vehicles  with  respect  to  which  data 
are  submitted  have  been  tested  in  ac¬ 
cordance  with  the  applicable  test  pro¬ 
cedures,  that  they  meet  the  requirements 
of  such  tests,  and  that,  on  the  basis  of 
such  tests,  they  conform  to  the  require¬ 
ments  of  the  regulations  in  this  part. 
If  such  statements  cannot  be  made  with 
respect  to  any  vehicle  tested,  the  vehicle 
shall  be  identified,  and  all  pertinent  test 
data  relating  thereto  shall  be  supplied. 

(2)  For  heavy  duty  engines,  a  state¬ 
ment  that  the  test  engines  with  respect 
to  which  data  are  submitted  to  demon¬ 
strate  compliance  with  §  86.077-11  are 
in  all  material  respects  as  described  in 
the  manufacturer's  application  for  cer¬ 
tification,  have  been  tested  in  accordance 
with  the  applicable  test  procedures  uti¬ 
lizing  the  fuels  and  equipment  described 
in  the  application  for  certification,  and 
that  on  the  basis  of  such  tests  the  en¬ 
gines  conform  to  the  requirements  of  the 
regulations  in  this  part.  If  such  state¬ 
ments  cannot  be  made  with  respect  to 
any  engine  tested,  the  engine  shall  be 
identified,  and  all  pertinent  data  relat¬ 
ing  thereto  shall  be  supplied  to  the  Ad¬ 
ministrator.  If,  on  the  basis  of  the  data 
supplied  and  any  additional  data  as  re¬ 
quired  by  tlie  Administrator,  the  Ad¬ 
ministrator  determines  that  the  test  en¬ 
gine  was  not  as  described  in  the  applica¬ 
tion  for  certification  or  was  not  tested  in 
accordance  with  applicable  test  proce¬ 
dures  utilizing  the  fuels  and  equipment 
as  described  in  the  application  for  cer¬ 
tification,  the  Administrator  may  make 
the  determination  that  the  engine  does 
not  meet  the  applicable  standards.  The 
provisions  of  S  86.077-30(b)  shedl  then 
be  followed. 

5.  A  new  section  86.079-24  is  added 
and  reads  as  follows : 

§  86.079—24  Ten!  vehirlc*«  and  engiiioM, 

(a)  (1)  through  (a)  (2)  (iv)  (See  para¬ 
graphs  (aXl)  through  (a)(2)(iv)  of 
§  86.077-24.) 

(V)  TTie  location  of  intake  and  ex¬ 
haust  valves  (or  ports)  and  the  valve  (or 
port)  sizes  (within  a  ^-inch  range  on 
the  valve  head  diameter) . 

(a)  (2)  (vl)  and  (vU)  (See  paragraphs 

(a)  (2)  vl)  and  vii)  of  S  86.077-24) . 

(viill)  Catalytic  converter  character¬ 
istics. 

(lx)  Thermal  reactor  characteristics. 

(x)  Air  inlet  cooling  characteristics. 
(e.g..  inter-coolers  and  after-coolers)  for 
Diesel  heavy  duty  engines. 

(a)  (3)  through  (g)  (4)  (See  para¬ 
graphs  (a)(3)  through  (g)(4)  of 
S  86.077-24) . 

6.  A  new  section  86.079-25  is  added 
and  reads  as  follows: 

§  86.079—25  Maintenance. 

(a)  and  (b)  (See  paragraphs  (a)  and 

(b)  of  S  86.077-25) 

(c)(1)  Heavy  duty  engiTies.  Paragraph 

(c)  of  this  section  applies  to  heavy  duty 
engines. 

(2)  (i)  Tlte  scheduled  maintenance 
described  in  this  section  may  be  per¬ 
formed  on  a  durability  engine  provided 
the  maintenance  is  requested  in  the  ap¬ 
plication  for  certification  and  Is  specified 
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at  the  same  Intervals  In  the  maintenance 
instructions  which  will  be  fximished  to 
the  ultimate  purchaser  of  the  vehicle  In 
which  the  engine,  which  is  represented 
by  the  test  engine,  is  installed.  (For 
equivalent  dynamometer  hours,  engine 
hours,  and  mileage  intervals,  see  §  86.- 
077-2.)  A  scheduled  major  engine  serv¬ 
icing  shall  be  restricted  to  items  listed 
in  this  subparagraph  and  shall  be  con¬ 
ducted  in  a  manner  consistent  with  serv¬ 
ice  instructions  and  specifications  pro¬ 
vided  by  the  manufacturer  for  use  by  the 
easterner  service  personnel. 

(A)  For  gasoline-fueled  engines,  major 
engine  tuneups  to  manufacturer’s  spec¬ 
ifications  may  be  performed  no  more 
frequently  than  every  375  hours  of  sched¬ 
uled  dynsunometer  operation,  provided 
no  tuneups  are  performed  after  1375 
hours  of  scheduled  dynamometer  oper¬ 
ation.  The  following  items  may  be  in¬ 
spected,  replaced,  cleaned,  adjusted 
and/or  serviced  as  required: 

(f)  Ignition  system. 

(2)  Cold  starting  enrichment  system 
(includes  fast  idle  speed  setting) . 

(3)  Curb  idle  speed  and  air/fuel  mix¬ 
ture. 

(4)  Drive  belt  tension  on  engine  acces¬ 
sories. 

(5)  Valve  lash. 

(6)  Inlet  air  and  exhaust  gas  control 
valves. 

(7)  Engine  bolt  torque. 

(8)  Sparkplugs. 

(P)  Purf  filter  and  air  filter. 

(10)  Crankcase  emission  control  S3rs- 
tem. 

(11)  Fuel  evaporative  emission  control 
system. 

(B)  For  Diesel  engines  one  major  en¬ 
gine  servicing  to  the  manufacturer’s 
specifications  may  be  performed  prior  to 
875  hours  ( ±8  hours)  of  scheduled  dyna¬ 
mometer  operation.  The  following  items 
may  be  inspected,  replaced,  cleaned,  ad¬ 
justed,  and/or  serviced  as  required: 

( 1 )  Low  idle  speed. 

(2)  Drive  belt  tension. 

(3)  Engine  bolt  torque. 

(4)  Valve  lash. 

(5)  Injection  timing. 

(6)  In jector  assemblies. 

(7)  (jrovernor  settings. 

(C)  Normal  engine  servicing  such  as 
engine  oil  change,  and  oil  filter,  fuel  fil¬ 
ter,  and  air  filter  cleaning  or  replace¬ 
ment  will  be  allowed  at  manufacturer’s 
recommended  intervals.  If  approved  in 
advance  by  the  Administrator,  the  main¬ 
tenance  for  these  items  may  differ  from 
that  specified  in  the  manufacturer’s 
maintenance  instructions. 

(D)  Readjustment  of  the  engine  low 
idle  speed  may  be  performed  once  during 
the  first  125-hours  of  engine  operation. 

(ii)  Unscheduled  maintenance  may  be 
performed  on  durability  engines,  except 
as  provided  in  paragraph  (c)(2)(v)(A) 
of  this  section,  cmly  under  the  following 
provisions : 

<A)  An  injector  or  spark  plug  may  be 
changed  if  a  persistent  misfire  is  de¬ 
tected. 

(B)  Readjustment  of  a  gasoline-fueled 
engine  cold  starting  enrichment  system 


may  be  performed  If  there  is  a  problem 
of  stalling  or  If  there  is  visible  black 
smoke. 

(C)  Readjustment  of  the  engine  idle 
speed  (curb  idle  and  fast  idle)  may  be 
performed,  in  addition  to  that  performed 
as  scheduled  maintenance  under  sub- 
paragraph  (c)(2)(i)  of  this  section,  if 
the  idle  speed  exceeds  the  manufacturer’s 
recommended  idle  speed  by  300  r.p.m.  or 
more,  or  if  there  is  a  problem  of  stalling. 

(D)  ’The  idle  mixture  may  be  reset, 
other  than  during  scheduled  major  en¬ 
gine  tuneups,  only  with  the  advance  apf- 
proval  of  the  Administrator. 

(ill)  Any  exhaust  gas  recirculation 
(EIGR)  system  may  be  serviced  during 
durability  testing  only  under  one  of  the 
following  provislcwis : 

(A)  Manufacturers  may  schedule  serv¬ 
ice  to  the  EGR  system  at  the  scheduled 
major  engine  tuneup  if  an  audible  and/ 
or  visual  signal  approved  by  the  Admin¬ 
istrator  alerts  the  engine  operator  to  the 
need  for  EGR  system  maintenance  at 
the  service  point.  One  additional  servic¬ 
ing  may  also  be  performed  as  unsched¬ 
uled  maintenance  if  there  is  an  overt  in¬ 
dication  of  malfunction  and  if  the  mal¬ 
function  or  repair  of  the  malfimction 
does  not  render  the  test  engine  unrepre¬ 
sentative  of  engines  in  use. 

(B)  Manufacturers  may  service  the 
EGR  system  as  unscheduled  mainte¬ 
nance  a  maximum  of  one  time  during 
durability  testing  (1500  hours  for  gaso¬ 
line-fueled  engines  or  1000  hours  for 
Diesel  engines)  if  failure  of  the  EGR 
system  activates  an  audible  and/or  visual 
signal  approved  by  the  Administrator 
which  alerts  the  engine  operator  to  the 
need  for  EGR  system  maintenance.  One 
additional  servicing  may  also  be  per¬ 
formed  as  unscheduled  maintenance  if 
there  is  an  overt  indication  of  malfunc¬ 
tion  and  if  the  malfunction  or  repair  of 
the  malfunction  does  not  render  the  test 
engine  unrepresentative  of  engines  in 
use. 

(C)  Manufacturers  may  service  the 
EGR  system  a  maximum  of  three  times 
during  durability  testing  (1500  hours 
for  gasoline-fuel^  engines  or  1000  horus 
for  Diesel  engines)  either  at  a  scheduled 
major  engine  tuneup  point  or  as  un¬ 
scheduled  maintenance,  if  an  audible 
and/or  visual  signal  approved  by  the 
Administrator  alerts  the  engine  opera¬ 
tor  to  the  need  for  EGR  system  mainte-  - 
nance.  The  signal  may  be  activated  either 
by  EGR  system/failure  (unscheduled 
maintenance)  or  need  for  scheduled  pe¬ 
riodic  maintenance.  If  maintenance  is 
performed,  the  signal  for  scheduled  pe¬ 
riodic  maintenance  shall  be  reset.  One 
additional  servicing  may  also  be  per¬ 
formed  as  unscheduled  maintenance  if 
there  is  an  overt  indication  of  mulfunc- 
tion  and  if  the  malfunction  or  repair  of 
the  malfunction  does  not  render  the  test 
engine  imreprescntative  of  engines  in 
use. 

(D)  Manufacturers  may  schedule  serv¬ 
ice  to  the  EGR  system  at  the  schediiled 
major  engine  timeup(s)  if  failure  to  per¬ 
form  EGR  system  maintenance  is  not 
likely,  as  determined  by  the  Administra¬ 


tor,  to  result  in  an  improvement  in  en¬ 
gine  performance.  One  additional  servic¬ 
ing,  may  also  be  performed  as  unsched¬ 
uled  maintenance  if  there  is  an  overt 
indication  of  malfimction  and  if  the 
malfunction  or  repair  of  the  malfunction 
does  not  render  the  test  engine  unrepre¬ 
sentative  of  engines  in  use. 

(iv)  The  catalytic  converter  may  be 
serviced  once  during  durability  testing 
(1500  hours  of  gasoline-fueled  engines  or 
1000  hours  for  Diesel  engines)  if  an  audi¬ 
ble  and/or  visual  signal  approved  by  the 
Administrator  alerts  the  engine  operator 
to  the  need  for  maintenance.  The  signal 
may  be  activated  either  by  component 
failure  or  need  for  maintenance  at  a 
scheduled  point. 

(V)  Any  other  engine,  emission  control 
system,  or  fuel  system  adjustment,  re¬ 
pair,  removal,  disassembly,  cleaning,  or 
replacement  on  durability  engines  shall 
be  performed  only  with  the  advance  ap¬ 
proval  of  the  Administrator. 

(A)  In  the  case  of  unscheduled  main¬ 
tenance  such  approval  will  be  given  if 
the  Administrator: 

(1)  Has  made  a  preliminary  determi¬ 
nation  that  part  failure  or  system  mal¬ 
function.  or  the  repair  of  such  failure  or 
malfunction,  does  not  render  the  engine 
uiu^epresentative  of  engines  in  use,  and 
does  not  require  direct  access  to  ttie  com¬ 
bustion  chamber,  except  for  fuel  injec¬ 
tion  component,  or  removable  precham¬ 
ber  removal  or  replac«nent;  and 

(2)  Has  made  a  determination  that  the 
need  for  maintenance  or  repairs  is  indi¬ 
cated  by  an  overt  indication  of  malfunc¬ 
tion  such  as  persistent  misfire,  engine 
stall,  overheating,  fluid  leakage,  loss  of 
oil  pressure,  excessive  fuel  consumption 
or  excessive  power  loss. 

(B)  Emission  measurements  may  not 
be  used  as  a  means  of  determining  the 
need  for  unscheduled  maintenance  under 
subparagraph  (c)  (2)  (v)  (A)  (1). 

(C)  Requests  for  authorization  of 
scheduled  maintenance  of  emission  con¬ 
trol  related  components  not  specifically 
authorized  to  be  maintained  by  these 
regulations  must  be  made  prior  to  the 
beginning  of  durability  testing.  The  Ad¬ 
ministrator  will  approve  the  performance 
of  such  maintenance  if  the  manufacturer 
makes  a  satisfactory  showing  that  the 
maintenance  will  be  performed  on  en¬ 
gines  in  use. 

(vl)  If  the  Administrator  determines 
that  part  failure  or  system  malfunction 
occurrence  and/or  repair  rendered  the 
engine  unrepresentative  of  engines  in 
use,  the  engine  shall  not  be  used  as  a 
durability  engine. 

(3)  (i)  Scheduled  maintenance  on 
emission  data  engines  is  limited  to  the 
adjustment  of  idle  speed  once  before  the 
125-hour  test  point,  provided  the  idle 
speed  is  outside  toe  manufacturer’s 
specifications. 

(ii)  Any  other  engine,  emission  con¬ 
trol  ssrstem,  or  fuel  system,  adjustment, 
repair,  removal,  disassembly,  cleaning, 
servicing,  or  replacement  shall  be  per¬ 
formed  only  with  the  advance  approval 
of  the  Administrator. 
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(4)  IReserved] 

(5X1)  Complete  emission  tests  (see 
subpart  D  for  gasoline>fueled  engines 
and  subparts  D  and  I  for  Diesel  engines) 
are  required,  unless  waived  by  the  Ad¬ 
ministrator,  before  and  after: 

(A)  Scheduled  maintenance  approved 
for  durability  engines. 

(B)  Unscheduled  maintenance  which 
may  reasonably  be  expected  to  affect 
emissions. 

(ii)  The  tests  before  and  after  sched¬ 
uled  maintenance,  which  are  performed 
on  durability  engines  prior  to  117  hours, 
are  waived.  The  test  before  scheduled 
maintenance,  which  is  performed  on 
durability  engines  after  117  hours  and 
prior  to  133  hours,  is  waived.  The  after 
maintenance  test  must  be  run  and  the 
results  used  in  the  deterioration  factor 
calculation  in  accordance  with  §  86.079- 
28. 

(iii)  The  idle  speed  reset  and  any 
scheduled  maintenance  on  the  emission- 
data  engine  shall  be  performed  prior  to 
the  125  hour  test.  The  before-mainte¬ 
nance  and  after-maintenance  tests  asso¬ 
ciated  with  idle  speed  reset  and  sched¬ 
uled  maintenance  on  the  emission-data 
engine  are  waived. 

(iv)  Test  data  required  by  this  para¬ 
graph  shall  be  air  posted  to  the  Adminis¬ 
trator  within  72  hours  of  test  completion 
(or  delivered  within  5  working  days), 
along  with  a  complete  record  of  all  perti¬ 
nent  maintenance. 

(V)  When  imscheduled  maintenance 
is  approved,  a  preliminary  engineering 
report,  imless  waived  by  the  Adminis¬ 
trator,  sliall  be  supplied  within  three 
working  days.  A  final  engineering  report 
shall  be  delivered  within  ten  working 
days  after  the  completion  of  the  emis¬ 
sion  tests.  The  Administrator  may  ap¬ 
prove  an  extension  of  the  time  require¬ 
ments  for  the  final  engineering  report. 

(vi)  All  test  data,  maintenance  re¬ 
ports,  and  required  engineering  reports 
shall  be  compiled  and  provided  to 
the  Administrator  in  accordance  with 
S  86.079-23. 

(6)  The  Administrator  shall  be  given 
the  opportunity  to  verify  the  existence 
of  an  overt  indication  of  part  failiure 
and/or  engine  malfunction  (e.g.,  misfire, 
stall). 

(7)  Equipment,  instruments,  or  tools 
may  not  be  used  to  identify  malfunction¬ 
ing,  maladjusted,  or  defective  engine 
components  unless  the  same  or  equiva¬ 
lent  equipment,  instruments,  or  tools 
will  1^  available  to  dealerships  and 
other  service  outlets  and 

(i)  Are  used  in  conjunction  with 
scheduled  maintenance  on  such  compo¬ 
nents, 

(li)  Are  used  subsequent  to  the  iden¬ 
tification  of  an  engine  failure  or  mal¬ 
function,  as  provided  in  subparagraph 
(c)(2)(v)(A)  of  this  section  for  dura¬ 
bility  engines  or  paragraph  (c)  (3)  of 
this  section  for  emission  data  engines,  or 

(ill)  Unless  specifically  authorized  by 
the  Administrator. 

7.  A  new  secticm  86.079-26  is  added  and 
reads  as  follows: 


§  86.079—26  Milcaice  and  service  uccii- 
mutation;  emissions  ip^'^'^urenients. 

(a)  [See  paragraph  (a)  of  S  86.077-26] 

(b) (1)  Paragraph  (b)  of  this  section 
applies  to  heavy  duty  engines. 

(2)  (i)  For  gasoline-fueled  engines,  the 
dynamometer  service  accumulation 
schedule  will  consist  of  several  operating 
conditions  which  give  the  percent  loads 
and  the  modes  as  sp>ecified  in  the  follow¬ 
ing  chart.  The  percentage  of  times  in 
each  mode  must  be  held  within  the  limits 
specified.  The  maximum  observed  torque 
fdr  each  mode  in  the  service  accumula¬ 
tion  cycle,  must  be  determined  at  the 
rpm  at  which  the  mode  is  being  con¬ 
ducted.  Ihe  percent  load  for  that  mode 
will  be  determined  irom  the  maximum 
torque  at  the  rpm  the  mode  is  being  con¬ 
ducted. 


Observed 
torque  (per¬ 
cent 

maximum 

observed) 

Percentage 
of  time 

Idle . 

Idle 

23(22-24) 

Closed  throttle  (CT) . 

PMi  throttle  deceleratloa 

CT 

31(30-32) 

(PTD) . 

10 

15(14-16) 

Cruise . 

1‘sud  throttle  escalation 

25 

6(5-  7) 

(PTA) . 

55 

11(10-12) 

Fiillload(FU . 

90 

14(13-15) 

(li)  The  equivalent  control  parameter 
for  engine  loading  will  be  maiilfold  vac¬ 
uum,  manifold  pressure,  or  torque.  Usage 
of  one  of  the  three  parameters  will  re¬ 
quire  approval  in  advance  by  the  Ad¬ 
ministrator.  The  control  parameter 
values  that  correspond  to  the  appropriate 
percent  loads  as  specified  in  the  emission 
test  cycle  will  be  initially  determined  at 
the  zero-hour  point  or  after  an  appro¬ 
priate  break-in  procedure.  The  control 
parameter  values  determined  initisiUy 
will  be  used  for  the  entire  service  accu¬ 
mulation  schedule.  If  at  any  time  during 
the  service  accumulation,  the  90%  torque 
value  cannot  be  attained,  the  engine  shall 
be  operated  at  wide  open  throttle. 

(ill)  The  average  speed  shall  be  be¬ 
tween  1,650  and  1,700  rpm.  Subject  to 
the  requirements  as  to  average  speed, 
there  must  be  operation  at  speeds  in  ex¬ 
cess  of  3,200  rpm  (but  not  in  excess  of 
governed  speed  for  governed  engines  or 
rated  speed  for  non-govemed  engines) 
for  a  cmnulative  maximiun  of  0.5  percent 
of  the  actual  cycle  time,  excluding  time 
in  transient  conditions.  Maximum  cycle 
time  shall  be  15  minutes.  A  cycle  ap¬ 
proved  in  advance  by  the  Administrator 
shall  be  used. 

(3)  (1)  For  Diesel  engines,  the  follow¬ 
ing  criteria  must  be  met  before  service 
accumulation  can  begin.  Failure  to  com¬ 
ply  with  these  requirements  shali  in¬ 
validate  all  test  data  submitted  for  an 
engine. 

(A)  Each  engine  shall  produce  at  least 
95  percent  of  the  maximum  horsepower, 
corrected  to  rating  conditions,  at  95  to 
100  percent  of  the  rated  speed. 

(B)  The  fuel  rate  at  maximum  horse¬ 
power  shall  be  within  manufacturer’s 
specifications. 


(li)  During  service  accumulation,  hours 
can  be  credited  toward  the  required  serv¬ 
ice  accumulation  hours  when  the  follow¬ 
ing  criteria  are  met.  If  these  criteria 
cannot  be  met,  engine  operation  shall  be 
discontinued  and  the  Admhiistrator  shall 
be  notified  Immediately.  (Adjustments  to 
the  fuel  rate  can  be  approved  under  the 
provisions  of  §  86.079-25.) 

(A)  E8M:h  engine  shall  produce  at  least 
95  percent  of  the  maximiun  horsepower, 
at  95  to  100  percent  of  the  rated  speed, 
observed  at  the  zero-hour  point.  Horse¬ 
power  values  shall  be  corrected  to  the 
rating  conditions. 

(B)  The  engine  shall  be  operated  at  75 
percent  of  the  inlet  and  exhaust  restric¬ 
tions  specified  in  §  86.879-8  except  that 
the  tolerance  will  be  ±3  inches  of  water 
and  ±0.5  inches  of  Hg  respectively. 

(C)  During  each  emission  test  the  in¬ 
let  and  exhaust  restrictions  shall  be  spec¬ 
ified  in  S  86.879-8. 

(4)  If  a  break-in  procedure  is  used  the 
procedure  must  be  the  same  as  recom¬ 
mended  to  the  ultimate  purchaser.  Prior 
approval  by  the  Administrator  is  re¬ 
quired  for  use  of  any  break-in  procedure. 
The  hours  accumulated  during  the 
break-in  procedure  will  not  be  counted 
as  part  of  the  service  accumulation. 

(5)  Emission  data  engines:  Each  emis¬ 
sion  data  engine  shall  be  operated  for  125 
hours  with  all  emission  control  systems 
Installed  and  operating.  An  emission  test 
shall  be  conducted  at  125  hours.  No  zero 
hour  emission  test  will  be  required  or  al¬ 
lowed.  Evaporative  emission  controls 
need  not  be  connected  provided  normal 
operating  conditions  are  maintained  in 
the  engine  induction  system. 

(6)  Durability  data  engines:  Each  gas¬ 
oline-fuel  durability  data  engine  shall  be 
operated,  with  all  emission  control  sys¬ 
tems  installed  and  operating,  for  1,500 
hours.  Each  Diesel  durability  data  engine 
shall  be  operated,  vidth  all  emission  con¬ 
trol  systems  Installed  and  operating,  for 
1000  hours.  Emission  measurement,  as 
prescribed,  shall  be  made  at  125  intervals 
beginning  at  125  hours  of  operation.  No 
zero  hour  emission  test  will  be  required 
or  allowed.  Evaporative  emission  controls 
need  not  be  connected  provided  normal 
oi>eratlng  conditions  are  maintained  in 
the  induction  systems. 

(7)  All  tests  required  by  this  subpart 
to  be  conducted  after  125  hours  of  opera¬ 
tion  or  at  any  multiple  of  125  hours  may 
be  conducted  at  any  accumulated  num¬ 
ber  of  hours  within  8  hours  of  125  hours 
or  the  appropriate  multiple  of  125  hours, 
respectively. 

(8)  (i)  Data  from  all  emission  tests  (in¬ 
cluding  voided  tests)  shall  be  air  posted 
to  the  Administrator  within  72  hours 
(or  delivered  within  five  working  days) . 
The  manufacturer  shall  furnish  to  the 
Administrator  an  explanation  for  void¬ 
ing  any  test.  The  Administrator  will  de¬ 
termine  if  voiding  the  test  was  appropri¬ 
ate  based  upon  the  explanation  given  by 
the  manufacturer  fo;;  the  voided  test.  If 
a  manufacturer  conducts  multiple  tests 
at  any  test  point  at  which  the  data  are 
intended  to  be  used  in  the  calculation  of 
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the  deterioration  factor,  the  niunber  of 
tests  must  be  the  same  at  each  point  and 
may  not  exceed  three  valid  tests.  Tests 
between  test  points  may  be  conducted  as 
required  by  Uie  Administrator.  In  addi¬ 
tion,  all  test  data  shall  be  compiled  and 
proidded  to  the  Administrator  in  accord¬ 
ance  with  S  86.079-23.  Where  the  Admin¬ 
istrator  conducts  a  test  on  a  durability 
engine  at  a  prescribed  test  point,  the 
results  of  that  test  will  be  used  in  the  cal¬ 
culation  of  the  deterioration  factor. 

(il)  The  results  of  all  emission  tests 
shall  be  recorded  and  reported  to  the  Ad¬ 
ministrator  using  two  places  to  the  right 
of  the  decimal  point.  These  numbers 
shall  be  roimded  in  accordance  with  the 
“Roimding  Off  Method”  specified  in 
ASTM  E  29-67. 

(9)  Whenever  the  manufacturer  pro¬ 
poses  to  operate  and  test  an  engine  which 
may  be  used  for  emission  or  durability 
data,  he  shall  provide  such  information 
concerning  components  used  on  the  en¬ 
gine  as  the  Administrator  may  require 
and  make  the  engine  available  for  such 
testing  imder  §  86.077-29  as  the  Admin¬ 
istrator  may  require,  before  beginning  to 
accumulate  hours  on  the  engine.  Failure 
to  comply  with  this  requirement  will  in¬ 
validate  all  test  data  later  submitted 
for  this  engine. 

(10)  Once  a  manufacturer  begins  to 
operate  an  emission  data  or  durability 
data  engine,  as  indicated  by  compliance 
with  paragraph  (b)  (9)  of  this  section,  he 
shall  continue  to  run  any  emission  data 
engine  to  125  hours,  any  gasoline-fueled 
durability  data  engine  to  1,500  hours,  and 
any  Diesel  durability  data  engine  to  1000 
hours.  The  data  from  the  engine  will  be 
used  in  the  calculations  under  S  86.345. 
Discontinuation  of  a  engine  shall  be  al¬ 
lowed  only  with  the  prior  written  consent 
of  the  Administrator, 

(11)  (i)  The  Administrator  may  elect 
to  operate  and  test  any  test  engine  dur¬ 
ing  all  or  any  part  of  the  service  accumu¬ 
lation  and  testing  procedure.  In  such 
cases  the  manufacturer  shall  provide  the 
engine(s)  to  the  Administrator  with  all 
Information  necessary  to  conduct  the 
testing. 

(11)  The  test  procedures  (subpart  D  for 
gasoline-fueled  engines,  and  subparts  D 
and  I  for  Diesel  engines)  will  be  followed 
by  the  Administrator.  The  Administra¬ 
tor  will  test  the  engines  at  each  test 
point.  Maintenance  may  be  performed  by 
the  manufacturer  under  such  conditions 
as  the  Administrator  may  prescribe. 

(ill)  The  data  developed  by  the  Admin¬ 
istrator  for  the  engine-system  combina¬ 
tion  shall  be  combined  with  any  appli¬ 
cable  data  supplied  by  the  manufacturer 
on  other  engines  of  that  combination  to 
determine  the  applicable  deterioration 
factors  for  the  combination.  In  the  case 
of  a  significant  discrepancy  between  data 
developed  by  the  Administrator  and  that 
submitted  by  the  manufactmer,  the  Ad¬ 
ministrator’s  data  shall  be  used  in  the 
determination  of  deterioration  factors. 

(12)  Emission  testing  of  any  type  with 
respect  to  any  ceritfication  engine  other 
than  that  specified  in  this  subpart  is  not 
allowed  except  as  such  testing  may  be 


specifically  authorized  by  the  Adminis¬ 
trator, 

8.  A  new  section  §  86.079-27  Is  added 
and  reads  as  follows : 

§  86.079—27  Special  teet  procedures, 

(a)  For  light  duty  vehicles  and  light 
duty  trucks  the  Administrator  may,  on 
the  basis  of  a  written  application  there¬ 
fore  by  a  manufacturer,  prescribe  test 
procedures,  other  than  those  set  forth  in 
this  part,  for  any  motor  vehicle  which  he 
determines  is  not  susceptible  to  satis¬ 
factory  testing  by  the  procedures  set 
forth  herein  or  in  subpart  B. 

(b)  For  heavy  duty  engines: 

(1)  The  Administrator,  may  on  the 
basis  of  a  written  application  therefore 
by  a  manufacturer,  prescribe  test  proce¬ 
dures,  other  than  ^ose  set  forth  in  this 
subpart,  for  any  motor  vehicle  engine 
which  he  determines  is  not  susceptible  to 
satisfactory  testing  by  the  procedures 
set  forth  herein  or  in  subparts  D  and  I. 

(ii)  If  the  manufacturer  does  not  sub¬ 
mit  a  written  application  for  use  of 
special  test  procedures  but  the  Admin¬ 
istrator  determines  that  a  motor  vehicle 
engine  is  not  susceptible  to  satisfactory 
testing  bv  the  procedures  set  forth  here¬ 
in,  the  Administrator  will  reject  the  ap¬ 
plicable  portions  of  the  application.  The 
Administrator  shall  notify  the  manu¬ 
facturer  in  writing  and  set  forth  the  rea¬ 
sons  for  such  rejection  in  accordance 
with  the  provisions  of  5  86.077-22  (c) . 

9.  A  new  section  86.079-28  is  added  and 
reads  as  follows: 

§  86.079—28  Compliani’r  v»illi  onii^ttion 
slandards. 

(a)  [See  paragraph  (a)  of  5  84.077-281 

(b) (1)  Paragraph  (b)  of  this  section 
applies  to  heavy  duty  engines. 

(2)  The  exhaust  emission  standards 
for  gasoline-fueled  engines  in  §  86.079-10 
or  for  Diesel  engines  in  §  86.079-11  apply 
to  the  emissions  of  engines  for  their  use¬ 
ful  life. 

(3)  Since  emission  control  efficiency 
decreases  with  the  accumulation  of  hours 
on  the  engine,  the  emission  level  of  a 
gasoline-fueled  engine  which  has  ac¬ 
cumulated  1,500  hours  of  dynamometer 
operation  or  a  Diesel  engine  which  has 
accumulated  1000  hours  of  dynamometer 
operation  will  be  used  as  the  basis  for 
determining  compliance  with  the  stand¬ 
ards. 

(4)  The  procedure  for  determining 
compliance  of  a  new  engine  with  exhaust 
emission  standards  is  as  follows: 

(1)  Separate  emission  deterioration 
factors  shall  be  determined  from  the 
emission  results  of  the  durability  data 
engines  for  each  engine-system  combina¬ 
tion.  Separate  factors  shall  be  estab¬ 
lished  for  HC,  CO,  and  for  the  combined 
emissions  of  HC  and  NOx.  For  Diesel 
engines,  separate  factors  shaU  also  be 
established  for  the  acceleration  mode 
(designated  as  “A”),  the  lugging  mode 
(designated  as  “B”)  and  the  peak  opacity 
(designated  as  “C”) . 

(A)  The  applicable  results  to  be  used 
in  determining  the  deterioration  factors 
for  each  combination  shall  be: 
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(1)  All  emission  data  from  the  tests 
required  under  5  86.079-26 (b)  (6) .  This 
shall  Include  the  official  test  results,  as 
determined  In  S  86.077-29,  for  all  tests 
conducted  on  all  gasoline-fueled  dura¬ 
bility  engines  of  the  combination  se¬ 
lected  imder  S  86.079-24(c)  (2)  or  on  all 
Diesel  durability  engines  of  the  combina¬ 
tion  selected  under  5  86.079-24(c)  (3) 

( including  all  engines  elected  to  be  oper¬ 
ated  by  the  manufacturer  under  §  86.- 
079-24(c)  (2)  (ili)  for  gasoline-fueled  en¬ 
gines  or  under  §  86.079-24(c)  (3)  (il)  for 
Diesel  engines) . 

(2)  All  emission  data  from  the  test 
conducted  before  and  after  maintenance 
provided  in  §  86.079-25(c)  (2)  (1)  (A)  for 
gasoline  fueled  engines  or  in  §  86.079-25 

(c)  (2)  (i)  (B)  for  Diesel  englne,s. 

(3)  All  emission  data  from  the  tests 
conducted  before  and  after  maintenance 
provided  in  S  86.079-25 (c)  (5)  (i)  if  emis¬ 
sion  tests  were  conducted. 

(B)  Al’  annlicable  emission  results  for 
(1),  HC.  (2)  CO,  (3)  HC-t-NOx,  <4^ 
acceleration  smoke  (“a”),  (5)  lugging 
smoke  (“b”),  and  (6)  peak  smoke  (“c.”) 
shall  be  plotted  as  a  function  of  dura¬ 
bility  hours  which  shall  be  consistently 
rounded  to  the  nearest  hour.  Emission 
data  shall  have  two  figures  to  the  right 
of  the  decimal.  'The  best  fit  straight  lines, 
fitted  by  the  method  of  least  8quare.‘^. 
shall  be  drawn  through  these  data  points. 
The  interpolated  125-hour  and  1500- 
hour  points  for  gasoline-fueled  engines 
or  the  1000-hour  points  for  Diesel  en¬ 
gines  on  each  line,  rounded  to  v/hole 
numbers  in  accordance  with  ASTM  E 
29-67,  must  be  within  the  standards 
specified  in  §  86.077-10  for  gasoline- 
fueled  engines  or  in  §  86.077-11  for  Diesel 
engines  or  the  data  shall  not  be  used  in 
the  calculation  of  the  deterioration  fac¬ 
tor,  unless  no  apnllcable  data  points  ex¬ 
ceed  the  standards. 

(C)  The  Interpolated  values  shall  be 
used  to  calculate  a  deterioration  factor 
as  follows: 

Factor = Exhaust  emissions  interpolated  to 
1500  hours  for  gasoline-fueled  engines  or  to 
1000  hours  for  Diesel  engines  minus  the  ex¬ 
haust  emissions  Interpolated  to  125  ho'.m; 
(Negative  deterioration  factors  shall  be  con¬ 
sidered  zero.) 

(11)  The  appropriate  deterioration  fac¬ 
tor,  carried  out  to  two  places  to  the  right 
of  the  decimal  point,  shall  be  added  to 
the  exhaust  emission  test  results,  car¬ 
ried  out  to  two  places  to  the  right  of 
the  decimal  point,  for  each  emission  data 
engine. 

(iii)  The  emission  values  to  compare 
with  the  standards  shall  be  the  adjusted 
emission  values  of  paragraph  (b)  (4)  (11) 
of  this  section  rounded  to  whole  num¬ 
bers  in  accordance  with  ASTM  E  29-67 
for  each  emission  data  engines. 

(iv)  Every  test  engine  of  an  engine 
family  must  comply  with  all  applicable 
standards,  as  determined  in  paragraph 
(b)  (4)  (iii)  of  this  section,  before  any 
engine  in  that  family  will  be  certified. 

10.  A  new  section  86.079-35  is  added 
and  reads  as  follows: 
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§  C6.079-35  Labdinc. 

(a) (1)  [See  paragrapih  <«;)  1(11  ofS86.> 
077-351 

(2)  Heavy  duty  engines: 

(i)  'nie  plastic  or  metal  labd  shall  be 
welded,  bonded,  or  otherwise  perma¬ 
nently  attached  to  the  engine  in  a  posi¬ 
tion  in  which  it  will  be  readily  visible 
after  Installation  in  the  vehicle. 

(ii>  The  label  shall  be  attached  to  an 
engine  part  necessary  for  normal  engine 
operation  and  not  normally  requiring  re¬ 
placement  during  engine  Ufe. 

(iii)  The  label  shall  contain  the  fol¬ 
lowing  information  letterd  in  the  English 
language  in  block  letters  and  numerals 
which  shall  be  of  a  color  that  contrasts 
with  the  background  of  the  label: 

(A)  The  label  heading:  Engine  Ex¬ 
haust  Emission  Control  Information; 

(B)  Full  corporate  name  and  trade¬ 
mark  of  manufacturer: 

(C)  Engine  displacement  (in  cubic 
inches)  and  engine  family  and  model 
designations; 

(D)  Date  of  engine  manufacture 
(month  and  year) ; 

(E)  Engine  specifications  and  adjust¬ 
ments  as  recommended  by  the  manu¬ 
facturer.  These  specifications  should  in¬ 
dicate  the  proper  transmission  position 
during  tvmeup  and  what  accesories  (e.g., 
air  conditioner),  if  any,  should  be  in 
operation; 

(1)  For  gasoline-fueled  engines  the 
label  should  include  the  idle  speed,  igni¬ 
tion  timing,  and  the  idle  air-fuel  mixture 
setting  procedure  and  value  (e.g.,  idle 
CO,  idle  air-fuel  ratio,  idle  speed  drop) 
and  valve  lash. 

(2)  For  Diesel  engines  the  label  should 
include  the  advertised  hp.  at  rpm,  fuel 
rate  at  advertised  hp.  in  m.m.*/stroke, 
valve  lash,  initial  injection  timing,  and 
idle  speed. 

(F)  An  unconditional  statement  of 
compliance  with  the  appropriate  model 
year  (e.g.,  1979)  U.S.  Environmental 
Protection  Agency  regulations  applicable 
to  heavy  duty  engines. 

(iv)  The  label  may  be  made  up  of  one 
or  more  pieces  provided  that  all  pieces 
are  permanently  attached  to  the  same 
engine  or  vehicle  part  as  applicable. 

(b)  [See  paragraph  (b)  of  §  86.077- 
351 

11.  A  new  subpart  D  is  added  to  Part 
86  and  reads  as  follows : 

Subpart  D — Emission  Regulations  for  New  Gaso- 
lirte — Fueled  and  Diesel  Heavy  Duty  Engirws; 
Gaseous  Exhaust  Test  Procedure 

Sec. 

86.301-79  Scope,  applicability. 

'  86.302-79  DefinItlODB. 

86.303- 79  Abbreviations. 

86.304- 79  Section  numbering,  construction. 

86.305- 79  Introduction,  structure  of  sub¬ 

part. 

86.306- 79  Equipment  required  and  specifi¬ 

cations  overview. 

86.307- 79  Fuel  specifications. 

86.308- 79  Gas  specifications. 

86.309- 79  Santpllng  and  analytical  system; 

schematic  drawing. 

86.310- 79  Sampling  and  analytical  system; 

component  speclficatlone. 
86fill-79  MisoeUaneous  equipment,  spec- 
Ifications. 

86.312-79  Dynamometer  and  engine  equip¬ 
ment  specifications. 


Sec. 

88.S1S-79  Air  flow  measurement,  spedflca- 
tions. 

86.S14-79  Fuel  flow  measurement  speciflca- 
tlons. 

86.315- 70  General  analyzer  specifications. 

86.316- 79  Carbon  monoxide  and  carbon 

dioxide  analyzer  speclfloatlons. 

86.317- 70  Hydrocarbon  analyzer  specifica¬ 

tions. 

86.318- 79  Oxides  of  nitrogen  analyzer  spec¬ 

ifications. 

86.319- 79  Analyzer  checks  and  calibrations, 

frequency  and  overview. 

86.320- 79  Analyzer  bench  checks. 

86.321- 86325  [Reserved] 

86.326- 79  Non-linearity  check,  CO  and  CO, 

analyzers. 

86.327- 79  Quench  check,  NOx  analyzer. 
86328-70  Leak  checks. 

86.329- 79  Sample  line  residence  time,  check 

procedure. 

86.330- 79  Carbon  monoxide  and  carboh  di¬ 

oxide  analyzer  calibration. 

86.331- 79  Hydrocarbon  analyzer  calibration. 

86.332- 79  Oxides  of  nitrogen  analyzer  cali¬ 

bration. 

86.333- 79  Dynamometer  calibration. 

86.334- 79  Test  procedure  overview. 

86.335- 79  Gasoline-fueled  engine  test  cycle. 

86.336- 79  Diesel  engine  test  cycle. 

86.337- 79  Information. 

86.338- 79  Exhaust  measiirement  accuracy. 

86.339- 79  Pre-test  procedures. 

86.340- 79  Gasoline-fueled  engine  dyna¬ 

mometer  test  run. 

86.341- 79  Diesel  engine  dynamometer  test 

run. 

86.342- 79  Post-test  procedme. 

86.343- 79  Chart  reading. 

86  344-79  Humidity  calculations. 

86.345-79  Emission  calculations. 

Authoritt:  Secs.  202,  206,  207,  208,  301(a) 
of  the  Clean  Air  Act,  as  amended  (42  n.S.C. 
1857f-l,  1857f-5, 1857f-5a,  1857f-5, 1867g(a) ). 

Subpart  D — Emission  Regulations  for  New 
Gasoline-fueled  and  Diesel  Heavy  Duty 
Engines;  Ckiseous  Exhaust  Test  Proce¬ 
dures 

§  86.301—79  Scape,  applirubility. 

This  subpart  contains  gaseous  emis¬ 
sion  test- procedures  for  gasoline-fueled 
and  Diesd  heavy  duty  engines.  It  applies 
to  1979  and  later  model  years. 

§  86.302—79  Definitions. 

The  definition  in  §  86.077-2  and 
S  86J)79-2  apply  to  this  subpart. 

§  86.303—79  Abbreviations. 

The  abbreviations  in  5  86.079-3  apply 
to  this  subpart. 

§  86.304—79  Section  numbering,  eon- 
struction. 

(a)  The  model  year  of  initial  ap¬ 
plicability  is  indicated  by  the  section 
number.  TTie  two  digits  following  the 
hyphen  designate  the  first  model  year 
for  which  a  section  is  effective.  A  sec¬ 
tion  remains  effective  imtil  superseded. 

Example:  Eection  { 86.311-79  applies  to 
the  1979  and  subsequent  model  years  until 
superseded.  If  a  section  {  86.311-81  is  pro¬ 
mulgated  it  woxild  take  effect  beginning 
with  the  1981  model  year;  S  86.311-79 
would  apply  to  model  years  1979  and  1980. 

(b)  A  section  reference  without  a 
model  year  suffix  refers  to  the  section 
applicable  for  the  appropriate  model 
year. 


(c)  Unless  Indicated,  all  provisions  In 
this  subpart  apply  to  both  gasoline- 
fueled  and  Diesel  heavy  duty  engines. 

§  86.305—79  Introduction,  structure  of 
snbpail. 

(a)  This  subpart  describes  the  equip¬ 
ment  required  and  the  procedures  to  fol¬ 
low  in  order  to  perform  exhaust  emis¬ 
sion  tests  on  gasoline-fueled  and  Diesel 
heavy  duty  engines.  Subpart  A  sets  forth 
the  testing  requirements  and  test  inter¬ 
vals  necessary  to  comply  with  EPA  certi¬ 
fication  procedures. 

(b)  Four  topics  are  addressed  in  this 
subpart.  Sections  §§86:306  through 
86.318  set  forth  specifications  and  equip¬ 
ment  requirements;  §§86.319  through 
86.333  discuss  calibration  methods  and 
frequency;  test  procedures  and  data  re¬ 
quirements  are  listed  (in  approximately 
chronological  order)  in  §§  86.334  through 
86.343,  and  calculation  formulas  are 
found  in  §§  86.344  and  86.345. 

§■86.306—79  F,quipnicnt  required  au;l 
Hpocincations,  overview. 

(a)  This  subpart  contains  procedures 
for  both  gasoline-fueled  and  Diesel  en¬ 
gine  gaseous  emission  tests.  Generally, 
the  equipment  required  is  identical  for 
both  types  of  engines.  Equipment  re¬ 
quired  and  specifications  are  found  in 
§§  86.307  through  86.318. 

(b)  Some  analyzer  specifications  refer 
to  calibration  checks  found  in  §  §  86.320 
through  86.332. 

§  86. .307— 79  Fuel  specifirations. 

(a)  Gasoline.  (1)  Gasoline  having  the 
following  specifications  will  be  used  by 
the  Administrator  in  exhaust  emission 
testing.  Gasoline  having  the  following 
specifications  or  substantially  equivalent 
specifications  approved  by  the  Adminis¬ 
trator,  shall  be  used  by  the  manufacturer 
In  exhaust  testing,  except  that  the  lead 
and  octane  specifications  do  not  apply. 


Item  designation 

ASTM 

Leaded 

Unleaded 

Octnno,  research, 
minimuTn. 

D1G56 

100 

06 

Pb  (organle),  grams 
per  U.S.  gallon. 
Distillation  range: 

1 1.4 

0.00-0.05 

IBP. 'F . 

D86 

76-05 

76-95 

10-pct  point,  “F... 

1)86 

120-135 

120-135 

50-pct  point,  ’F... 

D86 

200-230 

200-230 

»0-pct  point,  T... 

D86 

800-325 

100-325 

EP,  ‘F  (maxi¬ 
mum). 

DM 

415 

415 

Sulfur,  ■weight  per¬ 
cent,  maximum. 

D136e 

0.10 

0.10 

Phosphorus,  grams 
ix:r  U.S.  gallon, 
maziminn. 

.(U 

.006 

BVP,  pounds.. _ _ 

Hydroearl)on  com¬ 
position: 

D323 

8. 0-9. 2 

8. 0-9. 2 

Olehns,  peroentg 
maximum. 

D1319 

10 

10 

Aromatics,  per¬ 
cent,  maximum. 

DI319 

85 

85 

Saturates . . 

D1319 

Remainder 

Remainder 

>  Minimum. 

(2)  Gasoline  representative  of  com¬ 
mercial  gasoline  which  will  be  generally 
available  through  retail  outlets  shall  be 
used  in  service  accumulation.  For  leaded 
gasoline,  the  minimum  lead  content  shall 
be  1.4  grams  per  UJ3.  gallon,  except  that 
where  the  Administrator  determines  that 
engines  represented  by  the  test  engine 
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will  be  operated  using  gasoline  of  differ¬ 
ent  lead  content  than  that  prescribed 
in  this  paragraph,  he  may  consent  in 
writing  to  use  of  a  gasoline  with  a  differ¬ 
ent  lead  content.  The  octane  rating  of 
the  gasoline  used  shall  be  no  higher  than 
4.0  research  octane  numbers  above  the 
minimum  recommended  by  the  manu¬ 
facturer  and  have  a  minimum  sensitivity 
of  8.0  octane  numbers,  where  sensitivity 
is  defined  as  research  octane  number 
minus  motor  octane  number. 

(b)  Diesel  fuel.  (1)  The  Diesel  fuels 
employed  for  testing  shall  be  clean  and 
bright,  with  pour  and  cloud  points  ade¬ 
quate  for  operability.  The  Diesel  fuel  may 
contain  nonmetallic  additives  as  follows: 
Cetane  improver,  metal  deactivator,  an¬ 
tioxidant,  dehazer,  antirust,  pour  de¬ 
pressant,  dye,  and  dispersant. 

(2)  Diesel  fuel  meeting  the  following 
speciflcations,  or  substantially  equivalent 
specifications  approved  by  the  Adminis¬ 
trator.  shall  be  used  in  exhaust  emissions 
testing.  Tlie  grade  of  Diesel  fuel  recom¬ 
mended  by  the  engine  manufacturer 
commercially  designated  as  “Tsre  l-D" 
or  ‘"IVp®-2D’*,  shall  be  used. 


A8TM 

Item  t«8t  Type  l-D  TyjK!  2-D 

method 
No. 

Cetane . DM8.—  48-S4  42-50 

Distillation  range...  D8fl . 

IBP,"F .  830-390  840-400 

104)ct  point,  "F .  370-480  400-480 

SOHDCt  point,  “F .  410-480  470  540 

HO-PCt  point,  'F .  480-520  S-IO-OIO 

EP.®F .  600-680  580-880 

Gravity,  "API . D287....  40-44  38-37 

Total  s^nr,  percent.  DI29  or  0.05-0.20  0.2-0. 5 

D2622 

Hydrocarbon  D1819 . . 

composition. 

Aromatics,  .  >8  I27 

percent. 

Paraffins,  .  Remain-  Remain- 

naphthenes,  der  der 

oleOns. 

Flashpoint  "F.  D93 _  120  130 

(minim  am). 

Visoosiiy,  D446....  1.6-20  20-3.2 

eentistokes. 


I  Minimum. 

(3)  Diesel  fuel  meeting  the  following 
specifications,  or  substantially  equivalent 
specifications  approved  by  the  Adminis¬ 
trator,  shall  be  used  in  service  acciunula- 
tlon.  The  grade  of  Diesel  fuel  recom¬ 
mended  by  the  engine  manufacturer, 
commercially  designated  as  “Type  l-D’’ 
or  “Type  2-D’’,  shall  be  used. 

Item  A8TM  test  Typo  Type 

method  No.  l-D  2-D 


Cctene  (min.) . D618 .  42-56  SS-.W 

Distillation  range  90-pct  D86 .  440-530  640-830 

point,  ®F. 

Gravity  "API . D237 .  30-45  30-42 

Total  sulfur,  percent _ D130  or  >  0. 05  >  0. 2 

D2622 

Flash  point,  ®F  (min.)..  D98-.. .  120  130 

Viscosity,  eentistokes _ D446 .  1.2-22  1.5-4. 5 


I  Mininuuu. 


(4)  Other  petroleum  distillate  fuels 
may  be  used  for  testing  and  service  ac¬ 
cumulation  provided: 

(1)  Hiey  are  commercially  available, 
and 

(il)  Information,  acceptable  to  the  Ad¬ 
ministrator,  is  provided  to  show  that  only 
the  designated  fuel  would  be  used  in  cus¬ 
tomer  service,  and 

(ill)  Use  of  a  fuel  listed  under  para¬ 
graphs  (b)  (2)  and  (b)  (3)  of  this  section 
would  have  a  detrimental  effect  on  emis¬ 
sions  or  durability,  and 

(iv)  Written  approval  from  the  Ad¬ 
ministrator  of  the  fuel  specifications  was 
provided  prior  to  the  start  of  testing. 

(5)  The  specification  range  of  the  fuels 
to  be  used  under  subparagn^phs  (b)  (2), 
(b)(3),  and  (b)(4)  of  this  section  shall 
be  reported  in  accordance  with  S  86.077- 
21(b)(3). 

§  86.308—79  Gas  specifications. 

(a)  Analyzer  gases:  (1)  Calibration  or 
span  gases  for  the  CO  and  CCk  analyzers 
shall  have  zero-grade  nitrogen  as  a 
diluent. 

(2)  Calibration  or  span  gases  for  the 
hydrocarbon  analyzer  shall  be  propane 
with  zero-grade  nitrogen  as  a  diluent 
when  testing  gasoline-fueled  engines.  For 
Diesel  engine  tests  the  diluent  shall  be 
zero-grade  air. 

(3)  Calibration  or  span  gases  for  the 
NOx  analyzer  shall  be  single  blends  of 
NO  named  as  NOx  with  a  maximum  NOi 
concentration  of  5  percent  of  the  nominal 
value.  Zero-grade  nitrogen  shall  be  the 
diluent. 

(4)  Zero  gases  for  hydrocarbon  anal¬ 
yzers  shall  be  nitrogen  when  testing  gaso¬ 
line  fueled  engines  and  air  when  testing 
Diesel  engines. 

(5)  Zero  gases  for  the  carbon  mon¬ 
oxide,  carbon  dioxide  and  oxides  of  nitro¬ 
gen  analyzers  shall  be  either  zero  grade 
air  or  zero  grade  nitrogen. 

(6)  The  allowable  zero  grade  gas  (air 
or  nitrogen)  impurity  concentrations 
shall  not  exceed  2  ppm  C  hydrocarbon, 
10  ppm  carbon  monoxide,  400  ppm  car¬ 
bon  dioxide  and  1  ppm  nitric  oxide. 

(7)  “Zero  grade  air’’  includes  artificial 
air  consisting  of  a  blend  of  nitrogen  and 
oxygen  with  oxygen  concentrations  be¬ 
tween  18  and  21  mole  percent. 

(b)  Calibration  gas:  Calibration  gas 
concentrations  shall  be  traceable  within 
1  percent  of  applicable  National  Bureau 
of  Standards  gas  blends  concentrations. 
Alternatively,  calibration  gas  concentra¬ 
tions  shall  be  named  with  a  99%  confi¬ 
dence  level  within  2%  of  true  concentra¬ 
tion. 

(c)  Span  gas:  Span  gas  concentra¬ 
tions  shall  be  traceable  to  within  1  per¬ 
cent  of  a  calibration  gas. 


(d)  Hydrocarbon  analyzer  fuel:  (1) 
The  fuel* shall  contain  40±1%  hydro¬ 
gen.  ’The  balance  shall  be  helium.  The 
mixture  shall  contain  less  than  2  ppm  C 
hydrocarbon. 

(2)  Alternate  pure  hydrogen  fuel: 
Some  FIDs  are  designed  to  operate  on 
pure  hydrogen.  Generally  this  FID 
fuel  is  incompatible  with  g(X)d  relative 
hydrocarbon  response. 

(i)  For  Diesel  engines  this  fuel  is  not 
recommended.  However,  this  fuel  may 
be  used  if  the  engine  manufacturer  dem- 
onstrates,  across  his  product  line,  that 
a  FED  using  this  fuel  produces  compar¬ 
able  results  to  a  FED  osing  40%  H2/60% 
He  fuel.  These  data  must  be  submitted  to 
and  approved  by  the  Administrator  prior 
to  testing.  Pure  H.  fuel,  that  may  be  al¬ 
lowed  for  testing,  must  contain  at  least 
99.0  percent  hydrogen  and  contain  less 
than  2  ppm  C  hydrocarbon. 

(ii)  For  gasoline-fueled  engines,  pure 
hydrogen  fuel  for  the  FID  is  not  allowed. 

(e)  Hydrocarbon  analyzer  burner  air: 
The  burner  air  should  contain  nominally 
21  ±1  percent  oxygen.  The  concentration 
of  oxygen  must  be  within  1  mole  percent 
of  the  oxygen  concentration  of  the 
burner  air  used  in  the  latest  oxygen  in¬ 
terference  check  (%OiJ).  If  the  differ¬ 
ence  in  oxygen  concentration  is  greater 
than  1  mole  percent,  then  the  oxygen  in¬ 
terference  must  be  checked  and  the 
analyzer  adjusted,  if  necessary,  to  meet 
the  %0»I  requirements.  The  burner  air 
must  contain  less  than  2  ppm  C  hydro¬ 
carbon. 

(f)  Oxygen  interference  check  gase.s 
shall  contain  propane  with  a  350  ppm 
C±50  ppm  C  concentration  named  by 
chromatographic  analysis  to  calibration 
gas  tolerances.  Nitrogen  shall  be  the  pre¬ 
dominant  diluent  with  the  balance  oxy¬ 
gen.  Blends  required  for  gasoline-fueled 
and  Diesel  engine  testing  are  as  follows : 


Applicability 

Oi  concentration 
(percent) 

Balance 

Diesel . 

21(20-22) 

Nj 

Do . 

15(14-16) 

Nj 

Diesel  and  gasoline . 

10  (9-11) 

Ni 

Do . 

6  (4-  6) 

Ni 

Gasoline. . 

,0  (0-  l) 

Nj 

§  86.309—79  •  Sampling  and  analytiral 
system;  schematic. 


(a)  Schematic  drawing.  (1)  Fig.  D79-1 
is  a  schematic  drawing  of  the  exhaust 
gas  sampling  and  analytical  system 
whl(di  shall  be  used  for  testing  under 
this  subpart.  All  components  or  parts  of 
components  that  are  wetted  by  the 
sample  or  corrosive  calibration  gases  are 
to  be  either  chemically  cleaned  stainless 
steel  or  inert  material,  e.g.  polytetra- 
fluroethylene  resin.  The  use  of  “gauge 
savers’’  or  “protectors”  with  nonreactive 
diaphragms  is  permissible. 
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(2)  Any  variatioRs  from  the  depicted 
system,  including  instrument  detection 
method  or  internal  instrument  flow  con¬ 
trols,  may  be  used  only  with  prior  ap¬ 
proval  from  the  Administrator  based  on 
proven  equivalency. 

(b)  System  Components  List.  The  fol¬ 
lowing  is  a  list  of  components  sho^m  in 
Pig.  D79-1  by  numeric  identifler.  Pres¬ 
sure  ranges  and  accuracies  when  given 
are  suggested  values.  Deviations  from 
suggested  values  do  not  require  prior 
approval. 

(1)  Filters:  It  is  suggested  that  for 
FI,  F2,  and  F3,  a  7  cm  diameter  glass 
fiber  filter  paper  be  used.  Optional  filter 
F4  is  a  coarse  filter  for  large  particulates. 

(1)  PI — ^Rne  particulate  filter. 

(ii)  F2 — ^Fine  particulate  filter. 

(iii)  F3 — Pine  heated  particulate  filter. 
•  (iv)  F4 — Coarse  heat^  particulate  fil¬ 
ter  (optional). 

(2)  Flowmeters:  Flowmeters  FL  1  and 
PL  2  indicate  sample  flow  rates  through 
the  CO  and  CO:  analjrzers,  (0-10  CTFH). 

(3)  Gauges:  Gauges  G1  and  G2  meas¬ 
ure  input  pressure  to  CO  and  CO:  detec¬ 
tor  cells  (0-15"  H:0  gauge).  These 
gauges  measure  pressure  drop  across 
the  detector  cell. 

(4)  Pressure  gauges:  (i)  PI — bypass 
pressure  (0-20  psig) . 

(ii)  P2,  P3,  P4  and  P5 — ^sample  or 
span  pressure  at  inlet  to  flow  control 
valves  (0-10  psig). 


Httof  Dwlr  Om 

(5)  Water  traps:  Water  traps  WTl, 
and  WT2  are  to  remove  water  from  the 
sample.  Chemical  dryers  are  not  an 
acceptable  method  of  removing  the 
water.  Water  removal  by  condensation 
is  acceptable.  Means  other  than  con¬ 
densation  may  be  used  only  with  prior 
approval  from  the  Administrator  based 
on  proven  equivalency. 

(6)  Regulators:  (i)  Rl,  R3,  R4,  and 
R6 — line  pressiue  regulators  to  control 
span  pressure  at  inlet  to  flow  control 
valves  (fi-lO  psig,  sensitivity  ±2"  H:C». 

(ii)  R2  and  R5 — back  pressure  regula¬ 
tors  to  control  sample  pressure  at  inlet 
to  flow  control  valves  (0-10  psig,  sensi¬ 
tivity  ±2"  ILO) . 

(7)  Valves:  (1)  VI.  V7,  V8,  and  V14— 
selector  valves  to  select  zero-  or  calibra¬ 
tion-gases. 

(ii)  V2 — optional  heated  selector  valve 
to  purge  the  sample  probe,  perform  leak 
checks,  or  to  perform  hang-up  checks. 

(iii)  V3  and  V5 — selector  valves  to 
select  sample  or  span  gases. 

(Iv)  V4,  V6,  and  V15 — flow  control 
valves. 

(V)  V9  and  VI 3 — heated  selector  valve 
to  select  sample  or  span  gases. 

(vi)  VIO  and  V12 — ^heated  flow  con¬ 
trol  valves. 

(vii)  VI 1 — selector  valve  to  select 
NOx  or  bypass  mode  in  the  chemi¬ 
luminescence  analyzer. 


(viii)  V16 — optional  heated  selector 
valve  to  perform  leak  checks. 

(8)  Pump:  Sample  transfer  pump  to 
transport  sample  to  analyzers  (1.0  (TFM 
at  10  psig) . 

(9)  Temperature  sensor:  T1  measures 
the  NO:  to  NO  reduction  converter  tem¬ 
perature  (0-1000*C,  32-1832'F.) 

§  86.310—79  Sampling  and  anal>  lical 
8>'steiii;  ronipunent  specifirations. 

(a)  Temperature.  Any  heated  com¬ 
ponent  must  be  maintained  at:  (1) 
125°C;  +10°C,  — 5'C  (257*F;  +18°F, 
— O^F)  for  gasoline-fueled  engines. 

(2)  lOO'C;  -f-10“C,  — S-C,  (374''F; 
-flO^F.  — 9"F)  for  Diesel  engines. 

(b)  Sample  probe.  (1)  The  sample 
probe  shall  be  a  straight,  closed  end, 
stainless  steel,  multi-hole  probe.  The 
I.D.  shall  be  between  0.18  and  0.32  inches. 

(2)  There  shall  be  a  minimum  of  three 
holes  in  the  probe.  The  spacing  of  the 
radial  planes  for  each  hole  in  the  probe 
must  be  such  that  they  cover  approxi¬ 
mately  equal  cross-sectional  areas  of  the 
exhaust  duct.  The  angular  spacing  of 
the  holes  must  be  approximately  equal. 
The  angular  spacing  of  any  two  holes  in 
one  plane  may  not  be  180*  ±20”.  The 
holes  should  be  sized  such  that  each  has 
approximately  the  same  flow.  See  Fig¬ 
ure  D79-2. 
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(3)  The  probe  shall  extend  radially 
across  the  exhaust  duct.  The  probe  must 
pass  through  the  approximate  center  and 
must  extend  across  at  least  80  percent 
of  the  diameter  of  the  duct. 

(c)  (1)  Sample  transfer:  The  exhaust 
gas  sample  shall  be  transferred  to  the 
analytical  instnunents  through  a  heated 
filter  and  heated  line  by  a  heated  sample 
pump. 

(2)  All  heated  lines  shall  be  of  chemi¬ 
cally  cleaned  stainless  steel  construction. 

(3)  The  I.D.  of  the  sample  line  shall 
be  between  0.18  and  0.32  inches. 

<4)  Oenerally,  the  sample-line  length 
should  be  limited  to  50  feet.  Longer  sam¬ 
ple-line  may  be  used  if  the  total  system 
response  time  and  the  hydrocarbon 
hang-up  check  meet  the  requirements 
for  testing  under  this  subpart. 

(5)  The  sample  line  outside  wall  tem¬ 
perature  must  be  maintained  at  the 
temperature  specified  in  paragraph  (a) 
of  the  section.  An  exception  is  made  for 
the  first  two  feet  of  sample-line  from  the 
erhaust  duct.  The  upper  temperature 
tderance  for  this  two  foot  section  will  be 
ir creased  to  -fSO'C  (-|-108'F). 

(6)  The  sample  piunp  should  be  located 
ai  close  as  practical  to  the  sample  probe, 
and  the  wetted  surfaces  of  the  pump 
must  be  heated. 

(7)  If  valve  V2  is  used,  the  sample 
probe  must  connect  directly  to  valve  V2. 
The  location  of  optional  valve  V2  may 
not  be  greater  than  two  feet  from  the 
exhaust  duct. 

(8)  The  location  of  optional  valve  V16 
may  not  be  greater  than  12  inches  from 


the  sample  pump.  The  leakage  rate  for 
thu  section  on  the  pressure  side  of  the 
RAmpift  pump  may  not  exceed  the  leak¬ 
age  rate  on  the  vacuum  side  of  the  pump. 

(d)  Venting.  (1)  The  method  of  dis¬ 
posing  of  the  sample  is  not  specified. 
However,  caution  must  be  used  in  routing 
of  the  vent  lines. 

(2)  Venting  of  the  Instruments,  espe¬ 
cially  the  NDIR  analyzers,  must  be  such 
that  the  analyzer  vent  does  not  see  a 
back  pressure  caused  by  the  proximity  of 
other  vents. 

(3)  Pressme  relief  vents  of  regulators 
should  be  vented  to  the  atmospheric  vent 
manifold  for  safety. 

§  86311—79  MiscelLineous  equipment, 
speciiicatioRs. 

(a)  Chart  recorders.  (1)  the  mini¬ 
mum  chart  speed  allowed  is  3  inches  per 
minute  for  gasoline-fueled  engines  and 
0.5  Inches  per  minute  for  Diesel  engines. 

(2)  When  testing  gasoline-fueled  en¬ 
gines  all  chart  recorders  (analsrzers, 
torque,  rpm,  etc.)  shall  be  provided  with 
automatic  markers  which  indicate  one 
second  inten’als.  Preprinted  chart  paper 
(one  second  intervals)  may  be  used  in 
lieu  of  the  automatic  markers  provided 
the  correct  chart  speed  Is  used. 

(b)  All  temperature  measurements, 
(wet,  bulb,  dry  bulb,  dew  point,  etc.) 
shall  be  accurate  to  within  ±0.5*C. 

(c)  Intake  air  humidity  and  tempera¬ 
ture  measurements.  (1)  Humidity  condi¬ 
tioned  air.  Air  that  has  had  Its  absolute 
humidity  altered  is  considered  humidity 
conditioned  air.  For  this  type  of  Intake 
air,  the  humidity  measurement  must  be 
made  within  the  Intake  air  system,  and 
after  the  air  conditioning  has  taken 
place.  Also,  this  measurement  must  be 
made  within  48  inches  of  the  engine. 

(2)  Non-conditloned  air.  Humidity 
measurements  in  non-conditloned  intake 
air  systems  must  be  made  in  the  intake 
air  stream  and  within  18  Inches  of  the 
inlet  for  engine  Intake  air  system. 

(3)  Intake  air  temperature  measure¬ 
ment  must  be  made  in  the  intake  air 
stream  and  within  48  Inches  of  the 
engine. 

(4)  Temperatme  and  humidity  devices 
must  have  a  time  constant,  r,  between  13 
and  52  seconds.  For  a  given  instantane¬ 
ous  step  change  the  measurement  sys¬ 
tem  must  respond  to  63.2%  of  that  step 
change.  If  the  temperatiu-e  and  humidity 
measiurement  systems  have  a  time  con¬ 
stant  r,  less  than  13  seconds,  tlien  the 
measurements  will  be  sampled  at  a  rate 
four  or  more  times  faster  than  the  time 
constant  t  and  averaged.  For  continu¬ 
ously  integrated  intake  air  temperature 
systCTns,  excursions  exceeding  the  tem¬ 
perature  limits  for  30  seconds  or  less  will 
be  allowed. 

(d)  Dynamometer  room  temperature 
must  be  measured  in  two  locations  in  the 
room  within  10  feet  of  the  engine.  The 
two  measurements  are  averaged.  The 
measurement  system  must  have  a  time 
constant,  t,  between  13  and  52  seconds. 
For  a  given  instantaneous  step  change 
the  measurement  system  must  respond  to 
633%  of  that  step  change.  If  the  tem¬ 


perature  measurement  system  has  a 
time  constant  r,  less  than  13  seconds, 
then  the  measurements  will  be  sampled 
at  a  rate  four  or  more  times  faster  than 
the  time  constant  r  and  averaged.  For 
continuously  Integrated  dynamometer 
room  air  temperatmre  systons,  excur¬ 
sions  exceeding  the  temperature  limits 
for  30  seconds  or  less  will  be  allowed. 

(e)  Sample  component  sm:face  tem¬ 
peratures.  (1)  Measure  the  sample  pump 
surface  temperature. 

(2)  Measure  the  surface  temperature 
of  all  heat^  filters. 

(3)  For  each  section  of  sample-line  10 
feet  long  or  less,  that  has  a  separate 
source  of  power  of  heating  element, 
measure  the  sample  wall  line  tempera¬ 
ture  at  least  at  one  location. 

(4)  For  each  section  of  sample-line 
longer  than  10  feet  that  has  a  separate 
source  of  power  or  heating  element, 
measure  the  sample  line  wall  tempera¬ 
ture  at  least  at  two  locations.  These 
sensor  locations  must  be  approximately 
equal  distance  from  each  other  and  the 
mds  of  the  sample-line. 

(f)  If  water  is  removed  by  condensa¬ 
tion  the  exit  gas  temperature  must  be 
measured  and  may  not  exceed  7°C 
(45‘’F) . 

§  86.312-79  Dynamometer  and  engine 
equipment  specifications. 

(a)  Dynamometer.  (1)  The  dynamo 
meter  test  stand  and  other  instruments 
for  measurement  of  power  output  shall 
be  accurate  to  within  2  percent  of  point 
at  an  power  settings.  The  dsmamometer 
must  be  capable  of  performing  the  test 
cycle.  8  86335  or  §  86.336.  Dynamometers 
used  for  testing  gasoline-fueled  engines 
must  have  motoring  capability. 

(2)  Dynamometer  calibration  weights. 
A  minimum  of  6  calibration  weights  for 
each  range  used  are  required.  The 
weights  must  be  equally  spaced  and 
traceable  to  within  1%  of  NBS  weights. 

(b)  Engine  cooling.  Means  of  engine 
cooling  which  will  maintain  the  engine 
opera tinjg  temperatures  at  approximately 
the  same  temperature  as  specified  by  the 
manufacturer  shall  be  used.  An  auxiliary 
fixed  speed  fan  may  be  iised  to  main¬ 
tain  engine  cooling  during  sustained  op¬ 
eration  on  the  dynamometer. 

(c)  Exhaust  system.  (1)  A  chassis-type 
single  pipe  exhaust  system  shall  be  used. 
Standard  or  specially  fabricated  “Y” 
pipes  may  be  used  for  Vee  type  engines. 
The  probe  shall  be  located  three  to  ten 
feet  downstream  from  the  exhaust  main¬ 
fold  outlet  flange,  turbocharger  exit 
flange  or  emission  control  device  (s) 
(catalyst,  etc.). 

Further,  the  probe  location  must  be  at 
least  three  feet  downstream  of  any  “Y” 
intersection.  If  a  catalyst  (s)  is  used,  the 
catalyst(s)  must  be  located  the  same 
distance  from  the  exhaust  manifold 
flange  as  in  the  vehicle  configuration. 
For  Vee  Tsrpe  engines  the  “Y”  inter¬ 
section  must  be  downstream  of 
catalyst(s). 

(2)  When  testing  Diesel  engines  a 
noninsulated  exhaust  system  extending 
15  ±5  feet  from  the  exhaust  manifold. 
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or  the  crossover  Junction  In  the  case  of 
Vee  engines,  and  presenting  an  exhaust 
back  pressure  within  ±0.2  inch  Hg.  of 
the  upper  limit  at  maximum  rated  horse> 
power,  as  established  by  the  engine  man¬ 
ufacturer  in  his  sales  and  service  litera¬ 
ture  for  vehicle  application,  shall  be  used. 
A  conventional  automotive  mufiSer  of  a 
size  and  type  commonly  used  with  the 
engine  being  tested  shall  be  employed  in 
the  exhaust  system  during  smoke  emis¬ 
sion  testing.  The  terminal  2  feet  of  the 
exhaust  pipe  shall  be  circular  cross  sec¬ 
tion  and  be  free  of  elbows  and  bends.  The 
end  of  the  pipe  shall  be  cut  off  squarely. 
The  terminal  2  feet  of  the  exhaust  pipe 
shall  have  a  diameter  in  accordance  with 
the  engine  being  tested,  as  specified 


below: 

Exhtnut 

pipe 

Maximum  rated  diameter 

borsepower:  {inches) 

licas  than  101 _ 2 

loi-aoo _  8 

201-300  . .  4 

801  or  more _  6 


§  86.313—79  Air  flow  measuremen*  spec¬ 
ifications. 

(a)  The  air  flow  measurement  method 
used  must  have  a  turn-down  ratio  large 
enough  to  accurately  measure  the  airflow 
over  the  engine  operating  range  during 
the  test.  Overall  measurement  accuracy 
must  be  ±1  percent  of  full-scale  value 
of  the  measurement  device.  The  Admin¬ 
istrator  must  be  advised  of  the  method 
used. 

(b)  Ckirrections  to  the  measured  air 
mass-flow-rate:  When  an  engine  system 
incorporates  devices  that  add  or  subtract 
air  mass  (air  injection,  bleed  air,  etc.), 
determine  the  air  mass  from  these  de¬ 
vices  by  one  of  the  following  methods: 

(1)  Measure  the  air  mass-flow  from 
the  device  during  each  operating  mode 

a  method  approved  by  the  Ad¬ 
ministrator. 

(2)  Demonstrate  to  the  Administrator 
that  the  air  mass-flow  for  each  mode 
from  the  device  is  typical  for  many  sys¬ 
tem  applications.  Then  the  device  flow- 
rate  for  each  mode  may  be  generally 
applied. 

(3)  Under  certain  circumstances,  the 
Administrator  will  accept  theoretical 
calculations  that  predict  the  device  mass 
flow-rate  dming  each  mode. 

(c>  Oasoline-fueled  engine  systems: 

(1)  Flow  distribution:  The  air  cleaner 
is  considered  part  of  the  engine  system. 
A  plenum  chamber  of  sufficient  volume  is 
recommended  to  insure  imiform  distri¬ 
bution  to  the  engine. 

(2)  Velocity  profile:  The  velocity  pro¬ 
file  is  consider^  the  velocity  profile  to 
the  air  cleaner.  The  desired  condition  is 
a  uniform  velocity  profile  with  a  velocity 
between  3.3  to  13.2  meters  per  second  (10 
to  40  feet  per  second)  delivering  air  to 
the  air  cleaner. 

(3)  Pressxire  drop;  The  pressure  drop 
(from  atmospheric  pressure)  at  the  inlet 
to  the  air  cleaner  must  not  be  more  than 
1.74  kPa  (7.0  in  H,0) . 

(4)  Vents:  Devices  like  PCV  valves 
that  vent  to  the  air  cleaner,  must  con¬ 
tinue  to  be  vented  to  the  air  cleaner. 


Devices  that  vent  to  the  atmosphere  as 
some  carburetor  float  vents,  governors, 
etc.  must  vent  to  the  pleniun  chamber. 

(5)  Hot  air:  (1)  Ducted  Ambient  Air: 
On  engines  that  use  ducted  ambient  air 
to  the  carbtu-etor,  the  hot  air  device  will 
be  non-functional  during  the  test 
sequence.  The  engine  will  induct  ambi¬ 
ent  air  at  20*C  (68*P)  to  SO'C  (86*P). 

(il)  Under-Hood  Air:  On  engines  that 
Induct  air  \mder  the  hood,  the  hot  air 
device  (if  used)  will  be  non-functional 
during  the  test  sequence.  The  engine  will 
induct  air  at  a  typical  under  hood  tem¬ 
perature  that  would  occur  on  a  20°C 
(68®P)  to  30*C  (86'’P)  day.  The  manu¬ 
facturer  will  specify  and  substantiate  the 
under-hood  intake  air  temperature. 

(d)  Diesel  engine  systems.  An  engine 
air  inlet  system  presenting  an  air  inlet 
restriction  within  ±1  inch  of  water  of 
the  ui^r  limit  for  the  engine  operating 
condition  which  results  in  maximum  air 
flow,  as  established  by  the  engine  manu¬ 
facturer  in  his  sales  and  service  liter¬ 
ature,  for  the  Diesel  engine  being  tested 
shall  be  used. 

§  86.314—79  Furl  flow  meaourenient 
speciflcaliontt. 

(a)  The  fuel  flow-rate  measurement 
instnunent  must  have  a  minimiun  ac¬ 
curacy  of  1  piercent  of  full-scale  flow- 
rate  for  each  measurement  range  used. 
The  controlling  parameters  are  the 
elapsed  time  measurement  of  the  event 
and  the  weight  or  voltune  measurement. 
RestrictlMis  on  these  parameters  are: 

(1)  The  error  in  the  elapsed  time 
measurement  of  the  event  must  not  be 
greater  than  1  percent  of  the  absolute 
event  time.  This  Includes  errors  in  start¬ 
ing  and  stopping  the  clock  as  well  as 
the  period  of  the  clock. 

(2)  If  the  mass  of  fuel  consumed  is 
measiued  by  discrete  weights,  then  the 
error  in  the  actual  weight  of  the  fuel 
consumed  must  not  be  greater  than  1 
percent  of  the  measuring  weight. 

(3)  If  the  mass  of  fuel  consmned  is 
measured  electronically  (load  cell,  load 
b«un,  etc.),  the  error  in  the  actual 
weight  of  fuel  consmned  must  not  be 
greater  than  1  percent  of  the  full-scale 
value  of  the  electronic  device. 

(4)  If  the  mass  of  fuel  consumed  is 
measured  by  volume  flow  and  density, 
the  error  in  the  actual  volume  consmn^ 
must  not  be  greater  than  1  percent  of 
the  full-scale  of  the  volume  measuring 
device. 

(b)  For  devices  that  have  varying 
mass  scales  (electronic  weight,  volume, 
density,  etc.) .  measm^ments  may  not  be 
used  for  calculations  if  the  measurement 
is  less  than  twenty  percent  of  full  scale. 

(c)  Option:  Complete  flow-rate  meas¬ 
urement  systems  may  be  used  below  20 
percent  of  full-scale  measurement  as 
long  as  the  combination  of  mass  and 
time  measurements  indicate  a  flow-rate 
that  has  an  error  of  less  than  5  percent 
of  the  actual  absolute  flow-rate. 

§  86.315—79  General  analyzer  HpfM:iiica- 
tions. 

(a)  Analyzer  response-time:  The  ana¬ 
lyzer  must  resix)nd  to  an  instantaneous 


step  change  at  the  entrance  to  the 
analyzer  with  a  response  equal  to  95 
percent  of  that  step  change  in  3.0  sec¬ 
onds  or  less  on  all  ranges  used. 

(b)  Precision:  The  precision  of  the 
analyzer  must  be  no  greater  than  ±1 
percent  of  full-scale  for  each  range  used. 
The  precision  is  defined  as  2.086  times 
the  standard  deviation  (o)  of  20  repeti¬ 
tive  responses  to  a  given  calibration  g£is. 

(c)  Noise:  The  analyzer  peak  to  peak 
output  noise  at  frequencies  greater  than 
0.1  hertz  must  not  exceed  ±1  percent 
of  full-scale  on  all  ranges  used. 

(d)  Zero  drift:  The  analyzer  zero- 
response  drift  during  a  1  hour  period 
shall  be  less  than  ±1  percent  of  full-scale 
on  the  lowest  range  used.  The  zero- 
response  is  defined  as  the  mean  response 
to  a  zero  gas  during  a  30  second  time 
interval  including  peak  to  peak  noise  at 
frequencies  less  than  0.1  hertz. 

(e)  Span  drift:  The  analyzer  span 
drift  during  a  1  hour  period  shall  be  less 
than  ±1  percent  of  full-scale  on  the 
lowest  range  i:ised.  The  analyzer  span 
is  defined  as  the  difference  between  the 
span-response  and  the  zero-response. 
The  span-response  is  defined  as  the  mean 
response  to  a  span  gas  during  a  30  second 
time  interval  including  peak  to  peak 
noise  at  frequencies  less  than  0.1  hertz. 

(f)  Linearity:  HC  and  NOx  analyzers 
must  be  linear  within  2  percent  of  full 
scale  for  each  range  used. 

§  86.316—79  Carbon  monoxide  and  car¬ 
bon  dioxide  analyzer  specifications. 

(a)  Carbon  monoxide  and  carbon 
dioxide  measurements  are  to  be  made 
with  NDIR  analyzers. 

(b)  The  degree  of  nonlinearity  shall 
not  exceed  15  percent  of  full  scale  for 
all  ranges  used.  See  §  86.326  for  measure¬ 
ment  procedure. 

(c)  The  use  of  linearizing  circuits  is 
permitted. 

(d)  Zero  suppression:  Various  tech¬ 
niques  of  zero  suppression  may  be  used 
to  increase  readability,  but  only  with 
prior  approval  by  the  Administrator. 

(e)  If  the  turn  down  ratio  of  the  ear- 
bon  monoxide  analyzer  ts  not  great 
enough  for  the  desired  application,  a 
combination  of  two  or  more  separate 
instruments,  two  or  more  separate  ceUs 
with  one  amplifier,  or  a  multi-cell  ana¬ 
lyzer  may  be  used.  Accomplish  this  by 
adding  a  selector  valve  between  flow¬ 
meter  P2  and  gauge  02  (see  Pig.  D79-1) . 
All  cell  flow  paths  must  be  parallel  and 
must  have  a  gauge  02  immediatelv  up¬ 
stream  of  all  detector  cells.  Vent  all  de¬ 
tector  cells  to  atmospheric  pressure  as 
shown  in  Fig  D79-1. 

•  •  •  #  • 

(g)  If  the  cells  are  in  series  optically 
as  in  some  dual  cell  arrangements,  the 
cell  not  in  use  must  be  continuously 
piuged  with  zero-grade  gas  when  anal3^- 
ing  a  sample.  Furthermore  the  piuge 
pressure  at  02  must  be  approximately 
the  same  as  the  sample  pressure  at  02 
although  the  flow  rate  may  be  lower. 
Other  combinations  must  be  approved  in 
advance  by  the  Administrator. 
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§  86.317—79  Hydrocarbon  analyzer  spec* 
ifications. 

(a)  Hydrocarbon  measurements  are 
to  be  made  with  an  HFID  analyzer. 

(b)  The  analyzer  shall  be  fitted  with 
a  constant  temperature  oven  housing  the 
detector  and  sample  handling  compo¬ 
nents.  It  shall  maintain  temperature 
within  ±2‘’C.  of  the  set  point.  The 
detector,  oVen,  and  sample-handling 
components  within  the  oven  shall  be 
suitable  for  continuous  operation  at 
temperatures  to  200  *C. 

(c)  Fuel  and  burner  air  shall  conform 
to  the  specifications  in  §  86 .508. 

(d)  The  percent  of  oxygen  interfer¬ 
ence  must  be  less  than  2%,  as  specified 
in  §  86.331. 

(e)  Premixed  burner  air:  (1)  For  Die¬ 
sel  engines,  premixing  burner  air  with 
the  FID  fuel  is  not  recommended  as  a 
means  of  improving  oxygen  interference 
(%OJ).  However,  this  procedure  may 
be  used  if  the  engine  manufacturer 
demonstrates  across  his  product  line 
that  an  FID  using  this  procedure  pro¬ 
duces  comparable  results  to  an  FID  not 
using  this  procedure.  This  data  must  be 
submitted  to  the  Administrator  for  his 
consideration  prior  to  testing. 

(2)  For  gasoline-fueled  engines, 
premixing  burner  air  with  the  FID  fuel 
is  not  allowed. 

§  86.318—79  Oxides  of  nitrogen  analyzer 
spccifieal  ions. 

(a)  Oxides  of  nitrogen  are  to  be  meas¬ 
ured  with  a  chemiluminescence  ana¬ 
lyzer. 

(b)  The  NOa  to  NO  converter  efB- 
ciency  shall  be  at  least  90%. 

(c)  The  quench  Interference  must  be 
less  than  2%  as  meastired  in  §  86.327. 

§  86.319—79  .4nalyzor  eliccLs  and  cali¬ 
brations  ;  freqneiu'y  anti  overview. 

(a)  Prior  to  initial  use  and  after 
major  repairs  bench  check  each  ana¬ 
lyzer,  see  S  86.320. 

(b)  At  least  once  every  seven  days  dur¬ 
ing  testing  check  the  NO<  converter  ef¬ 
ficiency,  see  S  86.332. 

(c)  At  least  once  every  thirty  days 
during  testing  perform  the  following: 

(1)  Leak  check  the  system,  see 
:  86.328. 

(2)  Calibrate  all  analyzers:  see  §  86.330 
through  86.332. 

(3)  Check  sample  line  residence  time, 
see  §  86.329. 

(4)  Verify  that  the  automatic  data 
collection  system  (if  used)  meets  the 
chart  reading  requirements  found  in 
§  86.343. 

(5)  Check  the  fuel  flow  measiuement 
instriunent  to  insure  that  the  specifica¬ 
tions  in  §  86.314  are  met. 

(d)  At  least  once  every  180  days  dur¬ 
ing  testing  check  the  dynamometer  test 
stand  and  power  output  instrumenta¬ 
tion,  see  §  86.333. 

§  86.320—79  Analyzin'  bench  check. 

(a)  Prior  to  Initial  use  and  after  ma¬ 
jor  repairs  verify  that  each  analyzer 
complies  with  the  following  specifica¬ 
tions: 


(1)  Response  time,  see  §  86.315(a) 

(2)  Precision,  see  §  86.315(b) 

(3)  Noise,  see  §  86.315(c) 

(4)  Zero  drift,  see  f  86.315(d) 

(5)  Span  drift,  see  §  86.315(e) 

In  addition,  perform  a  quench  check  tm 
NOx  analsrzers,  see  §  86.327  and  a  non¬ 
linearity  check  on  CO  and  CO  analyzers, 
see  §  86.326. 

(b)  Condition  all  neV  or  replacement 
N02->  no  convertors.  The  conditioning 
consists  of  either  purging  the  convertor 
with  air  for  a  minimum  of  4  hours  or  im- 
til  the  convertor  efBciency  is  greater  than 
90  percent.  The  convertor  must  be  at 
operational  temperature  while  purging. 
Do  not  use  this  procedure  prior  to  check¬ 
ing  convertor  ^ciency  on  in-use  con¬ 
vertors. 

§§  86.321  through  86.325  [Reserved] 

§  86.32(i— 79  Non-linearity  check,  CO 
and  CO2  analyzers. 

(a)  For  CO  and  CO^  analyzers  the  de¬ 
gree  of  non-linearity  of  the  detector  cell 
shall  be  determined  from  the  calibration 
curves  of  chart  deflection  vs.  calibration 
concentration  and  a  straight  line  from 
zero  through  the  100%  full-scale  value. 
The  linearizing  circuit  (if  equipped)  shall 
not  be  employed  diuring  this  check.  Use 
calibration  procedure  specified  in 
S  86.330.  Calculate  the  degree  of  non¬ 
linearity  (NL)  for  each  range  and  call-, 
bration  ccmcentration  by: 

(Actiial  cniart  Deflection -Linear 
Cflnxt  Deflection) 

%NL= - — . — - - 100 

Actual  Pull-Scale  Chart 
Deflection 

§  86.327—79  Quench  check,  NOx  ana¬ 
lyzer. 

(a)  Perforin  the  reaction  chamber 
quench  check  for  each  model  of  high 
vacuum  reactldn  chamber  analyzer  prior 
to  testing. 

(b)  Perform  the  reaction  chamber 
quench  check  for  each  new  analyzer  that 
has  an  ambient  pressure  of  “soft  va¬ 
cuum”  reaction  chamber  prior  to  testing. 
Additionally,  perform  this  check  prior 
to  testing  each  time  an  analyzer  of  this 
type  has  had  the  sample  capillary  re¬ 
paired  or  replaced. 

(c)  Quench  check  as  follows:  (1)  Cali¬ 
brate  the  NOx  analyzer  on  the  lowest  an¬ 
ticipated  range  that  may  be  used  for 
testing. 

(2)  Introduce  a  mixture  of  CO*  and 
NOx  (diluent  N,)  to  the  CL  analyzer. 
Dynamic  blending  may  be  used  to  provide 
this  mixture.  The  CO*  concentration 
should  be  approximately  equal  to  the 
highest  concentration  experienced  dur¬ 
ing  testing.  Record  the  response. 

(3)  Recheck  the  calibration.  If  it  has 
changed  more  than  0.25  percent  of  full- 
scale,  recalibrate  and  repeat  the  quench 
check. 

(4)  Prior  to  testing,  the  differeiKe  be¬ 
tween  the  calculated  NOx  reiH>onse  and 
the  response  if  NOx  In  the  presence  of 
CO3  (step  2)  must  not  be  greater  than  2 
percent.  The  calculated  NOx  response  is 
based  on  the  calibration  performed  in 
step  (1). 


§  86.328-79  Leak  eheckx. 

(a)  Vacuum  side  leak  check:  (1)  With 
the  sample  pimp  operating,  cap  the 
probe  or  sample  line  at  the  probe  fitting. 
"Valve  V2  may  be  used  to  meet  this 
requirement. 

(2)  Measure  the  flow  at  the  discharge 
of  the  pump.  Valve  V16  may  be  used  to 
facilitate  this  check. 

(3)  If  the  measured  flow  exceeds  50 
cc/min,  repair  the  system. 

(b)  Pressure  Side  leak  check:  (1)  Vent 
the  inlet  of  the  sample  pump  to  atmos¬ 
phere.  Valve  V2  may  be  to  meet 
this  requirement. 

(2)  Cap  the  sample-line  at- the  point 
that  the  line  connects  to  the  analysis 
train. 

(3)  Measure  the  flow  at  the  inlet  to 
the  pump.  Valve  V2  may  be  used  to  fa¬ 
cilitate  this  check. 

(4)  If  the  measured  flow  exceeds  500 
cc/min,  repair  the  system. 

(5)  All  other  pressure  fittings  may  be 
checked  by  using  the  bubble-check 
method.  Fitting  leakage  shall  be  cor¬ 
rected. 

§  86.329—79  Sample  line  residence  time, 
check  proeedHre. 

(a)  Check  the  sample-line  residence 
time  by  the  following  procedure: 

(1)  Heat  the  sample-line,  sample  pump 
and  heated  filters  to  the  operating 
temperature. 

(2)  Introduce  HC  span  gases  into  the 
sampling  system  at  the  sample  probe  or 
valve  V2  at  atmosphere  pre^ure.  Simul¬ 
taneously,  start  the  time  measurement. 

(3)  When  the  HC  instrument  response 
is  95  percent  of  the  sptan  gas  concentra¬ 
tion  used,  stop  the  time  measiurement. 

(4)  If  the  lapsed  time  is  more  than 
15.0  seconds,  make  necessary  adjust¬ 
ments. 

(5)  Repeat  with  the  CO.  CO2,  and  N(5x 
instruments  and  span  gases. 

§  86.330-79  Carbon  monoxide  and  car¬ 
bon  dioxide  analyzer  calibration. 

(a)  Detector  optimization:  If  neces¬ 
sary,  follow  the  manufacturer’s  instruc¬ 
tions  for  initial  start-up  and  basic  oper¬ 
ating  adjustments. 

(b)  Calibration  Curve.  Develop  a  cali¬ 
bration  curve  for  each  range  used:  (1) 
Zero  the  analyzer. 

(2)  Span  the  analyzer  to  give  a  re¬ 
sponse  of  approximately  90  percent  of 
full-scale  chart  deflection. 

(3)  Recheck  the  zero  response.  If  it 
has  changed  more  than  0.25  percent  of 
full-scale,  repeat  steps  (1)  and  (2). 

(4)  Record  the  response  of  calibration 
gases  having  nominal  concentrations  of 
15,  30,  45,  60,  75,  and  90  percent  of  full 
scale  concentration. 

(5)  Generate  a  rational  polynominal 
calHiratlon  curve.  The  polynomial  shall 
be  of  fourth  order  or  less  and  have  five 
or  fewer  coeflBcients.  Include  zero  as  a 
data  point.  The  calibration  curve  must 
fit  the  data  points  within  2  percent  of 
point  or  1  percent  of  full-sc^e  which¬ 
ever  is  less. 

(c)  If  any  range  is  within  2%  of  being 
linear,  a  linear  calibration  may  be  used. 
To  determine  if  this  criteria  is  met: 
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(1)  Perform  a  linear  least  square  re¬ 
gression  on  the  data  generated.  Use  an 
equation  of  the  form  y=mx,  where  x  is 
the  actual  chart  deflection  and  y  is  the 
concentration. 

(2)  Use  the  equation  z=y/m  to  And 
the  linear  chart  deflection  (z)  for  each 
calibration  gas  concentration  iy). 

(3)  Determine  the  linearity  (%L)  for 
each  calibration  gas  by: 

- - - - (100) 

Full-Scale  Linear  Chart  Deflection 

(4)  The  linearity  criteria  is  met  if  the 
%L  is  less  than  ±  2  percent  for  any  data 
point  generated.  For  each  emission  test, 
a  calibration  curve  of  the  form  y=mx  is 
to  be  used.  The  slope  (m)  is  defined  for 
each  range  by  the  spanning  process. 

§  86.331—79  Hydrocarbon  analyzer  cali¬ 
bration. 

The  following  steps  are  followed  in  se¬ 
quence  to  calibrate  the  hydrocarbon 
analyzer.  It  is  suggested,  but  not  required 
that  efforts  be  made  to  minimize  rela¬ 
tive  response  variations. 

(a)  If  necessary,  follow  manufac¬ 
turer’s  instructions  for  Instrument 
start-up  and  basic  operating  adjust¬ 
ments. 

(b)  Set  the  oven  temperature  5*  C  hot¬ 
ter  than  the  required  sample-line  tem¬ 
perature.  Allow  at  least  one-half  hour 
after  the  oven  has  reached  temperature 
for  the  system  to  equilibrate. 

(c)  Adjust  fuel  flow.  With  the  fuel  and 
air  flow  rates  set  at  the  manufacturer’s 
recommendations,  introduce  a  350  ppm 
C±50  ppm  C  span  gas  to  the  detector. 
Determine  the  response  at  a  given  fuel 
flow  from  the  difference  between  the 
span-gas  response  and  the  zero-gas  re¬ 
sponse.  Incrementally  adjust  the  fuel 
flow  above  and  below  the  manufacturer’s 
speciflcation.  Record  the  span  and  zero 
response  at  these  fuel  flows.  A  plot  of  the 
difference  between  the  span  and  zero  re¬ 
sponse  versus  fuel  flow  wiU  be  similar  to 
the  one  shown  in  Fig.  D79-3.  Adjust  the 
fuel  flow  rate  to  the  rich  side  of  the 
curve,  as  shown.  ’This  is  initial  flow  rate 
setting  and  may  not  be  the  final  opti¬ 
mized  flow  rate. 


Figure  D79-3  RESPONSE  vs.  FUEL  FLOW 

(d)  Oxygoi  interference  optimization. 
Choose  a  range  where  the  350  ppm  C±50 
ppm  C  oxygen  Interference  check  gases 
will  fall  in  the  upper  30%.  Conduct  this 


test  with  the  oven  temperatme  set  as 
required.  Oxygen  interference  check  gas 
m>eciflcatlons  are  found  in  S  86.308. 

(1)  Zero  the  analyzer. 

(2)  Span  the  anal3^r  with  an  oxygen 
Interference  check  gas.  For  instnunents 
used  with  Erasoline-fueled  engines  vise  the 
0  percent  oxygen  blend;  Diesel  engine 
instruments  are  spanned  with  the  21% 
oxygen  blend. 

(3)  Recheck  zero  response.  If  it  has 
changed  more  ttian  0.25  percent  of  full- 
scale  repeat  subparagraphs  (1)  and  (2). 


(4)  Introduce  the  following  oxygen  in¬ 
terference  check  gases:  (i)  Gasoline- 
fueled  engine  analyzers;  5  and  10  per¬ 
cent  oxygen  blends. 

(11)  Diesel  engine  analyzers;  5,  10  and 
15  percent  oxygen  blends. 

(5)  Recheck  the  zero  response.  If  it  has 
changed  more  than  0.25  percent  of  full- 
scale,  repeat  the  test 

(6)  Calculate  the  percent  of  oxygen 
interference  (%OJ)  for  each  mixture  in 
step  (4). 


%02l  = 


B— Ana]yz«r  Msponse  (ppm  C) 
B 


(100) 


Analyser  reBponi^=  [%  of  fiili-sbiiraHafy^er  response  due U)  A  ]  [%  of  fuU.««il6  analyzer  re«po.»se  due  U)b]  (100) 
where 

A  »  Hydrocart>on  concentration  (ppm  C)  of  the  span  iras  used  in  Step  (2) 

Hydrocarbon  concentration  (ppm  C)  of  the  oxygen-interference  check  gases  used  in  8tep(  4) 


(7)  The  percent  of  oxygen  interfer¬ 
ence  (%OJ)  must  be  less  than  ±2%  for 
all  required  oxygen  interference  check 
gases  prior  to  testing. 

(8)  If  the  oxygen  interference  is 
greater  than  the  speciflcatlons,  incre¬ 
mentally  adjust  the  air  flow  above  and 
below  the  manufacturer's  specifications, 
repeating  subparagraphs  (1)  through 
(7)  for  each  flow. 

(9)  If  the  oxygen  Interference  is 
greater  than  the  speciflcation  after  ad¬ 
justing  the  air  flow,  vary  the  fuel  flow 
and  thereafter  the  sample  flow,  repeat¬ 
ing  subparagraphs  (1)  through  (7)  for 
each  new  setting. 

(10)  If  the  oxygen  interference  Is  still 
greater  than  the  specifications,  repair 
or  replace  the  analyzer,  FID  fuel,  or 
burner  air  prior  to  testing.  Repeat  this 
section  with  the  repaired  or  replaced 
equipment  or  gases. 

(e)  Linearity  check.  For  each  range 
used  check  linearity  as  follows:  (1)  With 
the  fuel  flow,  air  flow  and  sample  flow 
adjusted  to  meet  the  oxygen  interference 
speciflcation,  zero  the  anal3rzer. 

(2)  Span  the  analyzer  using  a  calibra¬ 
tion  gas  that  will  provide  a  response  of 
approximately  90  percent  of  full-scale 
concentration. 

(3)  Recheck  the  zero  response.  If  it 
has  changed  more  than  0.25  percent  of 
full-scale,  repeat  steps  (1)  and  (2). 

(4)  Record  the  response  of  calibration 
gases  having  nominal  concentrations  of 
30,  60,  and  90  percent  of  full-scale  con¬ 
centration. 

(5)  Perform  a  linear  least  square 
regression  on  the  data  generated.  Use 
an  equation  of  the  form  y—mx,  where 
X  is  the  actual  chart  deflection  and  y  is 
the  concentration. 

(6)  Use  the  equation  z=y/m  to  And 
the  linear  chart  deflection  (z)  for  each 
calibration  gas  concentration  (]/) . 

(7)  Determine  the  linearity  (%L)  for 
each  calibration  gas  by: 

(Z-X) 

%h=  — ^ - (100) 

Full-Scale  Linear  Chart  Deflection 

(8)  The  linearity  criteria  is  met  if  the 
%L  is  less  than  ±2  percent  for  any  data 


point  generated.  For  each  emission  test, 
a  calibration  curve  of  the  form  y=mx 
is  to  be  used.  The  slope  (m)  is  deflned 
for  each  range  by  the  spanning  process. 

(9)  If  the  %L  for  any  point  is  greater 
than  ±2%.  the  air,  fuel,  and  sample 
flow-rates  may  be  varied  within  the 
boundaries  of  the  oxygen  interference 
speciflcatlons. 

(10)  If  the  %L  still  exceeds  ±2  per¬ 
cent  for  any  data  point  repair  or  replace 
the  analyzer,  FID  fuel,  burner  air,  or 
calibration  bottles  prior  to  testing.  Re¬ 
peat  the  procedures  of  this  section  with 
the  repaired  or  replaced  equipment  or 
gases. 

(f)  Optimized  flow  rates.  The  fuel- 
flow  rate,  air  flow-rate  and  sample-flow 
rate  are  deflned  as  “optimized"  at  this 
point. 

§  86.332—79  Oxides  of  nitrogen  analyztw 
calibration. 

(a)  Perform  a  converter  efficiency 
check,  paragraph  (b)  of  this  section, 
every  7  days.  Every  30  days  perform  a 
linearity  check,  paragraph  (c)  of  this 
section,  which  must  be  followed  by  a  con¬ 
verter  efficiency  check. 

(b)  Converter  efficiency  check.  The  ap¬ 
paratus  described  and  illustrated  in  Fig¬ 
ure  D79-4  is  to  be  used  to  determine  the 
conversion  efficiency  of  devices  that  con¬ 
vert  NOj  to  NO.  The  following  procedure 
is  to  be  used  for  determining  the  values 
to  be  used  in  the  equation  below: 

(1)  Follow  the  manufacturer’s  instruc¬ 
tions  for  instnunent  startup  and  opera¬ 
tion.  Adjust  the  analyzer  to  optimize 
performance. 

(2)  Zero  the  oxides  of  nitrogen  ana¬ 
lyzer. 

(3)  Connect  the  outlet  of  the  NOx 
generator  (see  Figure  D79-4)  to  the  sam¬ 
ple  inlet  of  the  oxides  of  nitrogen  ana¬ 
lyzer  which  has  been  set  to  the  most  com¬ 
mon  operating  range. 

(4)  Introduce  into  the  NOx  generator 
analyzer-system  a  span  gas  with  a  NO 
concentration  equal  to  approximately 
80%  of  the  most  common  operating 
range. 
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(5)  With  the  oxides  of  nitrogen  ana¬ 
lyzer  in  the  NO  mode,  record  the  con¬ 
centration  of  NO  indicated  by  the  ana¬ 
lyzer. 

(6)  Turn  on  the  NOx  generator  O2  (or 
airX  supply  and  adjust  the  O:  (or  air) 
flow  rate  so  that  the  NO  Indicated  by  the 
analyzer  is  about  10%  less  than  indicated 
in  step  5.  Record  the  concentration  of 
NO  in  this  N0+0>  mixtiu^. 

(7)  Switch  the  NOx  generator  to  the 
generation  mode  and  adjust  the  genera¬ 
tion  rate  so  that  the  NO  measured  on  the 
analyzer  is  20%  of  that  measured  in  step 
5.  There  must  be  at  least  10%  unreacted 
NO  at  this  point.  Record  the  concentra¬ 
tion  of  residual  NO. 

(8)  Switch  the  oxides  of  nitrogen  ana- 
l3^er  to  the  NOx  mode  and  measure  total 
NOx.  Record  this  value. 

(9)  Switch  off  the  NOx  generation,  but 
maintain  gas  flow  through  the  system. 
The  oxides  of  nitrogren  analyzer  will  in¬ 
dicate  the  total  NOx  in  the  NO-fOt  mix¬ 
ture.  Record  this  value. 

(10)  Turn  off  the  NOx  generator  O5 
(or  air)  supply.  The  analyzer  will  now 
Indicate  the  total  NOx  in  the  original 
NO  in  Ni  mixture.  This  value  should  be 
no  more  than  5%  above  the  value  indi¬ 
cated  in  step  4. 

(11)  Calculate  the  efficiency ‘Of  the 
NO2  converter  by  substituting  the  con¬ 
centrations  obtained  into  the  following 
equation: 

a  —  b 

%  Eff.  =  l+^  vXlOO 
c — a 

where  a  =  concentration  obtained  In  step  8 
b  =  concentration  obtained  (n  step  9 
c  =  concentration  obtained  In  step  6 
d  =  concentration  obtained  in  step  7 

The  efficiency  of  the  converter  should 
be  greater  than  90  percent.  Adjustment 
of  the  converter  temperature  may  be 
necessary  to  maximize  the  efficiency.  If 
the  converter  does  not  meet  conversion- 
efficiency  speciflcations,  repair  or  re¬ 
place  the  imit  prior  to  testing.  Repeat 


the  procedures  of  this  section  with  the 
repaired  or  new  converter. 

(c)  Linearity  check.  For  each  range 
used  check  linearity  as  follows: 

(1)  With  the  operating  parameters  ad¬ 
justed  to  meet  the  converter  efficiency 
check  and  the  quench  checks,  zero  the 
analyzer. 

(2)  Span  the  analyzer  using  a  calibra¬ 
tion  gas  that  will  give  a  response  to  ap¬ 
proximately  90  percent  of  full-scale  con¬ 
centration. 

(3)  Recheck  the  zero  response.  If  it  has 
changed  more  than  0.25  percent  of  full- 
scale,  repeatsteps  (1)  and  (2) . 

(4)  Record  the  response  of  calibration 
gases  having  nominal  concentrations  of 
30,  60,  and  90  percent  of  full-scale  con¬ 
centration. 

(5)  Perform  a  linear  least  squares  re¬ 
gression  on  the  data  generated.  Use  an 
equation  of  the  form  y=mx,  where  x 
is  the  actual  chart  deflection  and  y  is  the 
concentration. 

(6)  Use  the  equation  z=y/m  to  And 
the  linear  chart  deflection  (s)  for  each 
calibration  gas  concentration  (y). 

(7)  Determine  the  linearity  (%L)  for 
each  calibration  gas  by: 

%L= _ _ xioo 

Full  scale  linear  chart  deflection 

(8)  The  linearity  criteria  is  met  if  the 
%L  is  less  than  ±2  percent  for  any  data 
point  generated.  For  each  emission  test, 
a  calibration  curve  of  the  form  y=mx  is 
to  be  used.  The  slt^ie  (m)  is  defined  for 
each  range  by  the  spanning  process. 

(9)  If  the  %L  exceeds  ±2  percent 
for  any  data  point  generated,  repair  or 
replace  the  analyzer  or  calibration  bot¬ 
tles  prior  to  testing.  Repeat  the  proce¬ 
dures  of  this  section  with  the  repaired  or 
replaced  equipment  or  gases. 

(10)  Perform  a  converter  efficiency 
check,  paragraph  (b)  of  this  section. 

(11)  The  operating  parameters  are  de- 
flned  as  “optimized”  at  this  point. 

§  86.333—79  Dynamometer  calibration. 

(a)  If  necessary,  follow  the  msmu- 
facturer’s  instructions  for  Initial  start¬ 
up  and  basic  operating  adjustments. 

(b)  Check  the  dynamometer  torque 
measurement  for  each  range  used  by  the 
following: 

following:  (1)  Determine  the  dynamom¬ 
eter  calibration  moment  arm.  Equip¬ 
ment  manufacturer’s  data,  actual 
measurement,  or  the  value  recorded 
from  the  previous  calibration  used  for 
this  subpart  may  be  used. 

(2)  Warm  up  the  dynamometer  fol¬ 
lowing  the  equipment  manufacturer’s 
speciflcations. 

(3)  Calculate  the  Indicated  torque  (IT) 
for  each  calibration  weight  to  be  used 
by: 

IT— calibration  weight  (Ib)  X  calibration 
moment  arm  (ft.) 

(4)  Attach  each  calibration  weight 
specifled  in  §  86.312  to  the  moment  arm 


at  the  calibration  distance  determined 
in  step  (1).  Record  the  power  measure¬ 
ment  equipment  response  (ft-lb)  to  each 
weight. 

(5)  For  each  calibration  weight,  com¬ 
pare  the  torque  value  measured  in  step 
(4)  to  the  calculated  torque  determined 
in  step  (3) . 

(6)  ’The  measured  torque  must  be 
within  2  percent  of  the  calculated  torque. 

(7)  If  the  measured  torque  is  not 
within  2  percent  of  the  calculated  torque, 
adjust  or  repair  the  system.  Repeat  steps 
1)  through  (6)  with  the  adjusted  or  re¬ 
paired  system. 

§  86.334—79  Test  procedure  overview. 

(a)  ’The  test  consists  of  prescribed 
sequences  of  engine  operating  conditions 
to  be  conducted  on  an  engine  djmamom- 
eter.  The  exhaust  gases  generated  dur¬ 
ing  engine  operation  are  sampled  for 
specifle  component  analysis  through  the 
analytical  train.  The  test  is  applicable  to 
engines  equipped  with  catalytic  or  direct- 
flame  afterburners.  Induction  ss^tem 
modifleations,  or  other  systems,  or  to  un¬ 
controlled  engines. 

(b)  The  tests  are  designed  to  deter¬ 
mine  the  brake-specifle  emissions  of 
hydrocarbons,  carbon  monoxide,  and 
oxides  of  nitrogen.  The  gasoline-fueled 
engine  test  consists  of  one  warmup  cycle 
and  one  hot  cycle.  The  diesel  engine  test 
consists  of  three  idle  modes  and  flve 
power  modes  at  each  of  two  speeds 
which  span  the  typical  operating  range 
of  diesel  engines.  These  procediues  re¬ 
quire  the  determination  of  the  concen¬ 
tration  of  each  pollutant,  the  exhaust 
flow  and  the  power  output  diuing  each 
mode.  The  measured  values  are  weighted 
and  used  to  calculate  the  grams  of  each 
pollutant  emitted  per  brake-horsepower 
hour. 

(c)  When  an  engine  is  tested  for  ex¬ 
haust  emissions  or  is  operated  for  serv¬ 
ice  accumulation  on  ah  engine  dyna¬ 
mometer,  the  complete  engine  shall  be 
tested,  with  all  standard  accessories 
which  might  reasonably  be  expected  to 
influence  emissions  to  the  atmosphere, 
installed  and  functioning^  except  the  fan 
for  water  cooled  engines.  Evaporative 
emission  controls  need  not  be  connected 
if  data  are  provided  to  show  that  normal 
operating  conditions  are  maintained  in 
the  engine  induction  system. 

(d)  Except  in  cases  of  component  mal¬ 
function  or  failure,  all  emission  control 
systems  installed  on  or  incorporated  in  a 
new  motor  vehicle  engine  shall  be  func¬ 
tioning  diuing  all  procedures  in  this  sub¬ 
part.  Maintenance  to  correct  component 
failure  or  malfunction  shall  be  author¬ 
ized  in  accordance  with  §  86.079-25. 

§  86.335—79  Cas(4ine-fuclcd  engine  test 
cycle. 

(a)  The  following  test  sequence  shall 
be  followed  in  d3niomometer  operation 
tests  of  gasoline-fueled  heavy  duty 
engines.  Diesel  engines  are  covered  In 
9  86.336. 
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C^ycle  Mode 
No.  No. 

Mode 

Observed  torque  Time  In  mode 
(percent  ot  maxi-  Oeeonds) 

mum  observed) 

Cumulative 
Urns  (seconds) 

Weighting 

fsotors 

1 

1 

Idle . 

00 

60 

0.232 

1 

2 

Cruise . . 

25 

60 

120 

.an 

1 

3 

PTA . 

55  • 

60 

180 

.147 

1 

4 

Cruise.... . 

25 

60 

240 

.077 

1 

6 

PTD . 

10 

60 

300 

.057 

1 

6 

Cruise _ _ 

25 

60 

360 

.077 

1 

7 

FL . 

90 

60 

420 

.113 

1 

8 

Cruise... . 

25 

60 

480 

.077 

1 

V 

CT . 

60 

540 

.143 

2 

10 

Cruise . . 

25 

60 

600 

.077 

2 

11 

PTA . 

65 

60 

660 

.147 

2 

12 

Cruise . . . . 

25 

60 

720 

.an 

2 

13 

PTO . 

10 

60 

780 

.057 

2 

14 

Cruise . 

25 

60 

840 

.077 

2 

15 

FL. . 

90 

60 

900 

.113 

2 

16 

Cruise . 

25 

60 

960 

.077 

2 

17 

CT . 

.  _ _ 

60 

1,020 

.143 

2 

18 

Idle . 

60 

1,080 

.232 

(b)  The  engine  djTiamometer  shall  be 
oi>erated  at  a  constant  speed  of  2000 
r.pjn.  ±100  r.pjn.  Speed  deviations,  not 
to  exceed  200  r.p.m.,  will  be  allowed  dur¬ 
ing  the  first  ten  seconds  of  each  mode. 

(c)  The  times  in  mode  are  the  times 
specified  in  paragraph  (a)  ±2.  seconds. 

(d)  Torque  for  each  mode  must  be  held 
at  the  specified  value  ±2%  of  the  maxi¬ 
mum  torque  observed.  For  example, 
mode  3  torque  shall  be  held  between  53 
and  57%  of  maximum  torque  (55  ±2%). 

(e)  The  idle  operating  mode  shall  be 
carried  out  at  the  manufacturer’s 
recommended  curb-idle  engine  speed. 


(b)  During  each  mode  the  specified 
speed  shall  be  held  to  within  50  rpm. 
Torque  for  each  mode  must  be  held  at 
the  specified  value  ±2%  of  the  maxi¬ 
mum  torque  observed.  For  example,  mode 
4  torque  shall  be  held  between  48  and 
52  percent  of  maximum  torque  (50±2% ) . 

(c)  The  times  in  mode  are  the  times 
specified  in  paragraph  (a)  ±10  seconds. 

(d)  If  the  operating  conditions  speci¬ 
fied  in  paragraph  (b)  of  this  section  for 
mcxles  3.  4,  5,  9,  10.  and  11  cannot  be 
Tnft.lnta.inpd,  the  Administrator  may  au¬ 
thorize  deviations  from  the  specified  load 
conditions.  Such  deviations  shall  not  ex¬ 
ceed  10  percent  of  the  maximum  torque 
at  the  test  speed.  The  minimum  devia¬ 
tions,  above  and  below  the  specified  load, 
necessary  for  stable  operation  shall  be 
determined  by  the  manufacturer  and  ap¬ 
proved  by  the  Administrator  prior  to  the 
test  nm.  Emission  tests  shall  be  per¬ 
formed  at  each  of  the  approved  load 
settings,  one  above  and  one  below  the  op¬ 
erating  conditions  specified  in  paragraph 
(a) .  The  emission  values  obtained  shall 
be  calculated  in  accordance  with  §  86.331 


Arrive  at  the  last  idle  mode  by  closing  the 
throttle,  breaking  the  dynamometer  to 
the  engine  idle  speed,  and  unloading  the 
dynamometer. 

(f)  The  CT  operating  mode  shall  be 
carried  out  at  the  same  engine  speed  as 
sp>ecified  in  paragraph  (b). 

§  86.336—79  Diesel  engine  test  cycle. 

7a)  The  following  13  mode  cy(de  shall 
be  followed  in  dynamometer  operation 
tests  of  heavy-duty  Diesel  engines.  Gaso¬ 
line-fueled  engines  are  covered  in  §  86.- 
335. 


except  that  the  weighting  factor  shall  be 
0.04. 

§  86.337—79  Information. 

The  following  information,  as  appli¬ 
cable,  shall  be  recorded  for  each  test: 

(а)  Engine  Description  and  specifica¬ 
tions.  (1)  Engine  identification  numbers. 

(2)  Niunber  of  hours  of  operation  ac¬ 
cumulated  on  engine. 

(3)  Engine-system  combination. 

(4)  Engine  displacement. 

(5)  Governed  speed. 

(б)  Rated  maximum  horsepower  and 
torque. 

(7)  Maximum  horsepower  and  torque 
speeds. 

(8)  Air  aspiration  system. 

(9)  Curb  idle  rpm,  gasoline-fueled  en¬ 
gines  only. 

(10)  Manufacturer’s  start-up  and 
warm-up  reference,  gasoline-fueled  en¬ 
gines  only. 

(11)  Nvunber  of  carburetors,  gasoline- 
fueled  engines  only. 

(12)  Number  of  carburetor  venturles, 
gasoline-fueled  engines  only. 


(13)  Maximum  horsepower  at  2000 
rpm,  corrected  per  S  86.345,  gasoline- 
fueled  engines  only. 

(14)  Fuel  consumption  and  maximum 
torque  at  2000  rpm,  gasoline-fueled  en¬ 
gines  only. 

(15)  Maximum  air  fiow  at  2000  rpm, 
gasoline-fueled  engines  only. 

( 16)  Low  idle  rpm,  Diesel  engines  only. 

(17)  Exhaust  pipe  diameter(s) ,  Diesel 
/engines  only. 

(18)  Fuel  injector  type,  Diesel  engines 
only. 

(19)  Fuel  consumption  at  maximum 
power  and  torque,  Diesel  engines  only. 

(20)  Maximum  exhaust  system  back 
pressure,  Diesel  engines  only. 

(21)  Air  inlet  restriction,  Diesel  en¬ 
gines  only. 

(22)  Maximum  air  fiow,  Diesel  engines 
only. 

(b)  Test  data:  (1)  Test  number. 

(2)  Instrument  operator. 

(3)  Engine  operator. 

(4)  Date  and  time  of  day. 

(5)  Fuel  identification,  including  H/C 
ratio. 

(6)  Ambient  temperature  in  dyna¬ 
mometer  testing  room. 

(7)  Engine  intake  air  temperature  and 
humidity  for  each  mode. 

(8)  Barometric  pressure,  before  and 
after  test. 

(9)  Observed  engine  torque  for  each 
mode. 

(10)  Maximum  observed  torque  for  in¬ 
termediate  and  rated  speeds,  Diesel  en¬ 
gines  only. 

(11)  Maximiun  observed  torque  at  2000 
rpm,  gasoline-fueled  engines  only. 

(12)  Intake  air  fiow  and  depression  for 
each  mode. 

(13)  Fuel  fiow  and  temperature  for 
each  mode. 

(14)  Sample-transport  component 
surface  temperatures,  sample  pump, 
heated  filters  and  sample  line  tempera- 
ture(s) . 

(15)  Sample-line  residence  time  (Re¬ 
fer  to  §  86.329) . 

(16)  Date  of  most  recent  analytical 
assembly  calibration. 

(17)  Record  all  pertinent  instrument 
information  such  as  tuning,  gain,  serial 
numbers,  detector  number,  calibration 
curve  numbers,  etc.  As  long  as  this  in¬ 
formation  is  traceable  it  may  be  siun- 
marized  by  system  number  or  analyzer 
identification  numbers. 

(18)  Recorder  chart.  Identify  for  each 
test  mode:  zero  traces  for  each  range 
used — calibration  or  span  traces  for  each 
range  used — emission  concentraticn 
traces  and  associated  analyze’’ 
range(s) — start  and  finish  of  each  test. 

(19)  Record  chart  speed  of  recorder 
and  date  of  last  speed  calibration. 

(20)  Record  engine  torque  and  engine 
r.p.m.  continuously  on  the  same  chart. 

§  86.338—79  Exhaust  nieasureincat  ac¬ 
curacy. 

(a)  The  analyzers  must  be  operated 
between  20  percent  and  95  precent  of 
full-scale  chart  defiection  (millivolt 
output)  for  nonlinear  Instruments  (20  to 
100  percent  for  linear  instruments)  dur- 


Mode 

No. 


Engine  speed 


Observed  toraue 

(pereent  of  Time  In  mode  Cumulative 
maximum  (minutes)  time  (minutes) 

observed) 


1  Low  idle _ 

2  Intermediate.. 

3  _ do . 

4  _ _ do.. . 

6_ _ _ do _ 

6  _ do _ 

7  Low  idle . 

8  Bated.. . 

9  _ do _ 

10  . da.... . 

11  . do . 

12  _ do . 

13  Low  idle . 


5 

5 

2 

5 

10 

25 

5 

15 

so 

5 

20 

75 

5 

25 

100 

5 

30 

10 

(•) 

100 

5 

5 

75 

5 

10 

50 

5 

15 

25 

5 

20 

2 

5 

25 

5 

30 

I  Kefer  to  sec.  86.341. 
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ing  the  measurement  of  the  emissions 
for  each  mode.  The  exceptions  to  the 
lower  limit  of  this  operating  rule  are: 

(1)  The  analyzers  response  may  be 
less  than  20  precent  of  full-scale  if  the 
full-scale  value  is  120  ppm  (or  ppm  C) 
or  less. 

(2)  The  analyzers  response  may  be 
less  than  20  percent  of  full-scale  if  the 
emissions  from  the  engine  are  erratic 
and  the  integrated  chart-deflection 
value  is  greater  than  20  percent  of  full- 
scale. 

(3)  For  gasoline-fueled  engines,  the 
analyzer  response  may  be  less  than  20 
percent  of  full-scale  during  the  initial 
part  of  the  CT  mode  provided  that  the 
integrated  chart-deflection  value  is 
greater  than  20  percent  of  full-scale. 

(4)  The  analyzer  response  may  be  less 
than  20  percent  of  full-scale  if  the  con¬ 
tribution  of  all  modes  read  below  the  20 
percent  level  is  less  than  5  percent  by 
mass  of  the  final  test  results. 

§  86.339—79  Pre-test  proee<lur«‘s. 

(a)  HC,  CX>,  COi  and  NOx:  Allow  a 
mlnimiun  of  2  hours  warmup  for  the  HC, 
CO,  COi  and  NOx  analyzers.  This  period 
is  not  necessary  if  the  analyzer  is  left  in 
a  standby  or  operating  condition. 

(b)  Replace  or  clean  the  Alter  ele¬ 
ments  and  then  vacuum  leak  check  the 
system,  186.328(a).  Allow  the  heated 
sample-line.  Alters,  and  pumps  to  reach 
operating  temperature. 

(c)  Perform  the  following  system 
checks:  (1)  Prior  to  gasoline-fueled  en¬ 
gine  tests,  purge  the  NOr+NO  converter 
with  air  (zero  grade  air,  room  air,  or 
On)  for  a  minimum  of  30  minutes.  The 
converter  must  be  at  operational  tem¬ 
perature  while  pm-ging.  Minimum  purge- 
rate  is  40  cc/mlnute. 

(2)  Check  sample-line  temperature. 

(3)  Check  sample-line  residence  time. 
Sample-line  residence  time  may  be  ap¬ 
plied  from  the  most  recent  check  of  resi- 
doice  time  if  all  of  the  following  are 
met:  (i)  The  same  size  and  type  of 
pmnp  is  used. 

(ii)  Hie  sample  line  1J3.  is  the  same 
and  the  length  is  equal  to  or  shorter  than 
the  tested  line. 

(ill)  Pressure  gauges  PI,  P2,  P3,  P4, 
and  PS  read  the  same  pressure  (±15% 
of  previous  value) . 

(4)  A  hang-up  check  may  be  per¬ 
formed. 

(d)  Introduce  the  zero-grade  gases  at 
the  same  flow  rates  and  pressures  used  to 
calibrate  the  analyzers  and  zero  the 
analyzers  on  the  lowest  anticipated  range 
that  may  be  used  during  the  test.  Imme¬ 
diately  prior  to  each  test  (segment,  for 
Diesel  engines) ,  obtain  a  stable  zero  for 
each  anticipated  range  that  may  be  used 
during  the  test. 

(e)  Introduce  span  gases  to  the  instru¬ 
ments  under  the  same  flow  conditions  as 
were  used  for  the  zero  gases.  Adjust  the 
instrument  gains  on  the  lowest  range  to 
be  used  to  give  the  desired  value.  Span- 
gases  should  have  a  concentration  great¬ 
er  than  70%  of  full-scale  for  each  range 
used.  A  significant  shift  in  gain  setting 
Indicates  an  instrument  or  system  prob¬ 
lem.  K  necessary,  recheck  spanning  pro¬ 


cedure  and  span-gas  concentration- 
labels.  Immediately  prior  to  each  test 
and  also  prior  to  each  segment  of  the 
diesel  test,  record  the  response  to  the 
span-gas  and  the  span-gas  concentration 
for  each  range  that  may  be  used  during 
the  test. 

(f)  Check  zero  responses.  If  they  have 
changed  more  than  0.25  percent  of  fxiU 
scale  repeat  paragraphs  (d)  and  (e). 

(g)  Check  instnunent  flow  rates  and 
pressiues.  Record  the  values  of  gauges 
G1  and  G2. 

§  86..3 10— 79  CaKoIiiic-fui‘l<‘d  engine  dy- 
namomeler  tost  run. 

(a)  This  section  applies  to  gasoline- 
fueled  engines  only.  Diesel  engines  are 
covered  in  §  86.341. 

(b) (1)  Motmt  test  engine  on  the  en¬ 
gine  dynamometer. 

(2)  Install  instrumentation  and  sam¬ 
ple  probe  as  probed. 

(c)  Precondition  the  engine  by  the  fol¬ 
lowing  continuous  steps.  (1)  The  engine 
shall  be  started  and  operated  at:  (i)  zero 
load  in  accordance  with  the  manufac¬ 
turer’s  start  up  and  warm  up  procedures 
for  1  minute  ±30  sec. 

(ii)  a  torque  equivalent  to  10±3  per¬ 
cent  of  the  most  recent  determination  of 
maximum  torque  for  4  miputes  ±30  sec 
at  2000  rpm. 

(iii)  a  torque  equivalent  to  55±5  per¬ 
cent  of  the  most  recent  determination 
of  maximum  torque  for  35  minutes  ±1 
min  at  2000  rpm. 

(2)  If  tested  under  the  provisions  of 
S  86.077-29  check  specifications  as  re¬ 
quired.  This  check  must  be  performed 
within  10  minutes  after  the  completion 
of  engine  preconditioning. 

(3)  Determine  the  maximum  torque 
of  the  engine  at  2000  rpm  ±100  rpm. 

(i)  Operate  the  engine  with  the 
throttle  fully-opened  for  a  maximiun  of 
three  minutes.  During  the  second  min¬ 
ute  of  operation,  record  the  high  and  low 
torque  readings.  The  average  of  these 
two  readings  will  be  the  maximum 
torque  value  at  2000  rpm. 

(ii)  Calculate  the  torque  correspond¬ 
ing  to  10,  25,  55,  and  90  percent  of  the 
observed  maximum  torque  value. 

(4)  Determine  the  analyzer  ranges 
required  for  each  mode  specifled  in 
§  86.335  to  meet  the  range  speciflcations 
of  §  86.338.  The  engine  must  not  be  op¬ 
erated  for  more  than  5  minutes. 

(5)  The  engine  shall  be  turned  off 
and  allowed  to  stand  for  at  least  1  hour, 
but  not  more  than  2  hours,  at  an  ambient 
temperature  of  26*C  ±5*C  (77'’P±9*F). 

(d)  The  following  steps  shall  be  taken 
for  each  test: 

(1)  Maintain  dynometer  test  cell  am¬ 
bient  temperature  at  25'’C±5'C 
(77*F±9'’F). 

(2)  Observe  pre-test  procedures, 
§  86.339. 

(3)  Start  cooling  system. 

(4)  Start  engine  and  operate  in  ac¬ 
cordance  with  manufacturer  start-up 
and  warm-up  procedures.  The  duration 
of  the  warm-up  procedure  will  be  5  min¬ 
utes  ±30  seconds. 

(5)  Read  and  record  all  non-modal 
data  as  required  in  §  86.337. 


(6)  Release  the  choke  idle-stop  (if 
necessary)  and  return  the  engine 
throttle  control  to  the  curb  idle  posi¬ 
tion,  start  sample  flow  and  recorders, 
and  begin  test  sequence  of  S  86.335. 

(7)  Should  it  be  determined  that  the 
test  must  be  renm,  then  only  the  soak 
specifled  in  subparagraph  (c)  (5)  need 
be  performed  prior  to  paragraph  (d) . 

(8)  Perform  the  test  cycle,  S  86.335 
and  continuously  record  exhaust  gas 
concentrations. 

(9)  The  engine  speed  and  load  must 
be  maintained  within  the  requirements 
of  §  86.343. 

(e)  Exhaust  gas  measurements.  (1) 
Measure  HC,  CO,  COi,  and  NOx  voliune 
concentration  in  the  exhaust  sample. 
Record  data  specifled  in  S  86.337.  Should 
the  analyzer  response  exceed  95%  of 
full-scale  value  for  non-linear  instru¬ 
ments  (100%  of  full-scale  value  for 
linear  instruments)  or  respond  less  than 
20%  of  full-scale  value  (for  all  instru¬ 
ments),  the  next  higher  or  lower  ana¬ 
lyzer  range  shall  be  iised  per  §  86.338. 
For  exceptions  to  the  lower  limit  see 
S  86.338.  Should  the  fuel  flow  instrument 
read  below  20%  of  the  full-scale  value, 
a  flow  measurement  unit  with  a  lower 
scale  must  be  used  unless  the  option  in 
§  86.314  is  desired. 

(2)  For  each  analyzer,  each  range 
that  may  be  used  during  a  test  must  have 
the  zero  and  span  responses  recorded 
prior  to  the  execution  of  that  test.  Only 
the  range(s)  used  to  measure  the  emis¬ 
sions  during  a  test  are  required  to  have 
their  zero  and  span  recorded  after  the 
completion  of  the  test. 

(3)  If  during  an  emission  test  the 
value  of  guages  G1  or  G2  differs  by  more 
than  4  inches  of  water  from  the  pre-test 
value  the  test  is  void. 

§  86.341—79  Diesel  engine  dynamometer 
test  run. 

(a)  This  section  applies  to  Diesel  en¬ 
gines  only.  Gasoline-fueled  engines  are 
covered  in  §  86.340. 

(b)  The  temperature  of  the  air  sup¬ 
plied  to  the  engine  shall  be  between  68  "F 
and  86’’F.  The  fuel  temperatme  at  the 
pump  inlet  shall  be  100'’F  ±10^.  The 
observed  barometric  pressure  shall  be 
between  28.5  Inches  and  31  Inches  Hg. 
Higher  air  temperature  or  lower  baro¬ 
metric  pressure  may  be  used,  if  desired, 
but  no  allowanca.  shall  be  made  for  in¬ 
creased  emissions  because  of  such 
conditions. 

(c)  The  governor  and  fuel  system 
shall  have  been  adjusted  to  provide  en¬ 
gine  performance  at  the  levels  in  the  ap¬ 
plication  for  certification  required  imder 
§  86.077-21. 

(d)  The  following  steps  shall  be  taken 
for  each  test:  (1)  Install  instnunenta- 
tlon  and  sample  probes  as  required. 

(2)  Start  cooling  system. 

(3)  Precondition  the  engine  In  the 
following  manner:  (i)  Operate  the  en¬ 
gine  at  idle  for  2  minutes. 

(11)  Operate  the  engine  at  rated  speed 
and  maximum  horsepower  for  10  min¬ 
utes. 

(ill)  Longer  preconditioning  times  may 
be  used  only  if  prior  approval  is  obtained 
from  the  Administrator. 
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(4)  Within  a  total  elapsed  time  of  10 
minutes,  determine  by  experimentation 
the  maximum  torque  at  the  rated  and 
intermediate  speeds. 

(5)  Calculate  the  torque  corresponding 
to  2,  25.  50,  75,  and  100  percent  of  the 
maximum  observed  torque  for  the  rated 
and  intermediate  speeds. 

(6)  Observe  pre-test  procedures,  S  86.- 
339. 

(7)  Bead  and  record  all  data  required 
by  §  86.337, 

(8)  Start  the  test  cycle.  §  86.336,  within 
10  minutes,  after  determining  test  load 
using  the  torque  values  determined  in 
subparagraph  (c)  (5) . 

(9)  Test  modes  1  through  6,  mode  7. 
and  modes  8  through  13  are  considered 
individual  test  segments  and  must  be  per¬ 
formed  within  the  cumulative  time  indi¬ 
cated  in  §  86.336.  Test  segments  may  be 
repeated  if  the  requirements  for  testing 
imder  this  subpart  are  met. 

(10)  If  a  delay  of  more  than  10  min¬ 
utes  <X5Curs  at  the  following  points,  the 
test  is  void.  The  test  sequence  may  be 
restarted  at  subparagraph  (c)(6). 

(1)  At  the  end  of  mode  6  and  the  be¬ 
ginning  of  modes  1  or  7. 

(11)  At  the  end  of  mode  7  and  the 
beginning  of  modes  1  or  8. 

(ill)  At  the  end  of  mode  13  and  the 
beginning  of  mode  8. 

(11)  Continuously  record  the  analyz¬ 
er’s  response  to  the  exhaust  gas  during 
each  test  segment  except  during  mode  7. 

(12)  Record  the  analyzer’s  response  to 
exhaust  gas  during  the  last  4  minutes  of 
mode  7. 

(13)  Read  and  record  the  modal  data 
as  specified  in  §  86.337  during  the  last  2 
minutes  of  each  mode. 

(14)  The  engine  speed  and  load  must 
be  maintained  within  the  requirements 
of  §  86.336  during  the  last  2  minutes  of 
each  mode.  If  the  requirement  is  not  met 
for  all  modes  during  a  test  segment,  that 
portion  of  the  test  is  void.  The  test  se¬ 
quence  may  be  restarted  imder  the  pro¬ 
visions  of  subparagraph  (c)  (9)  of  this 
section. 

(15)  Fuel  flow  during  the  idle  or  2  per¬ 
cent  load  conditions  may  be  determined 
just  prior  to  or  immediately  following 
the  dynamometer  sequence,  if  longer 
times  are  required  for  accurate  measure¬ 
ments. 

(e)  Exhaust  gas  measurements.  (1) 
Measure  HC,  CO,  CO. •and  NOx  volume 
concentration  in  the  exhaust  sample. 
Record  data  specifled  in  §  86.337.  Should 
the  analyzer  resp>onse  exceed  95%  of  full 
scale  value  for  nonlinear  instruments 
(100%  of  full-scale  value  for  linear  in¬ 
struments)  the  next  higher  or  lower  ana¬ 
lyzer  range  shall  be  used  S  86.338.  For 
exceptions  to  the  lower  limit  see  S  86.338. 
Should  the  fuel  flow  instrument  read  be¬ 
low  20%  of  full-scale  value,  a  smaller  flow 
measurement  unit  must  ^  used  unless 
the  option  in  §  86.314  is  desired. 

(2)  Each  analyzer  range  that  may  be 
used  during  a  test  segment  must  have  the 


zero  and  span  responses  recorded  prior  to 
the  execution  of  that  test  segment  Only 
the  range(s)  used  to  measure  the  emis¬ 
sions  during  a  test  segment  are  required 
to  have  their  zero  and  span  recorded 
after  the  completion  of  the  test  segment. 

(3)  The  span  check  for  mode  7  may  be 
included  in  either  the  first  segment  or  the 
last  segment  of  the  test. 

(4)  If  there  is  no  delay  between  the 
end  and  beginning  of  modes  6  and  7,  and 
7  and  8,  the  span  check  at  the  end  of 
mode  6  may  be  used  for  the  before¬ 
segment  span  check  for  the  last  segment 
of  the  test. 

(5)  Filter  elements  may  be  changed 
during  the  first  part  of  mode  7. 

(6)  If,  during  the  emission  measure¬ 
ment  portion  of  a  test  segment,  the  value 
of  gauges  of  G1  or  G2  differs  by  more 
than  4  inches  of  water  from  the  pre-test 
value  the  test  segment  is  void. 

§  86.342—79  Post-test  procedures. 

(a)  Immediately  after  the  completion 
of  the  test,  record  for  each  analj^r  the 
zero  and  span  response  for  each  range 
used  during  the  preceding  test  segment. 

(b)  Begin  a  hang-up  check  within  10 
minutes  of  the  completion  of  the  p>ost- 
test  span  che<^.  Use  the  following  proce¬ 
dure: 

( 1 )  Zero  the  HC  analyzer  on  the  lowest 
range  used  during  the  test. 

(2)  Span  the  HC  analyzer. 

(3)  Ciieck  zero  response.  If  it  has 
shifted  more  than  0.25  percent  of  full 
scale,  repeat  steps  (1)  and  (2). 

(4)  Introduce  an  HC  zero-grade  gas 
into  the  sample  probe  or  V2. 

(5)  Within  50  seconds  for  gasoline- 
fueled  engine  tests  or  4  minutes  for 
Diesel  engine  tests,  after  the  zero  gas 
was  introduced,  the  difference  between 
the  span-zero  response  and  hang-up  zero 
response  must  not  be  greater  than  5.0 
percent  of  full-scale  or  the  test  is  void. 

(6)  Check  the  zero  response.  If  it  has 
shifted  more  than  0.25  percent  of  full 
scale  repeat  the  hang-up  check. 

(c)  If  during  the  test,  the  filter  ele- 
ment(s)  were  replaced  or  cleaned,  a 
vacuum  check  must  be  performed,  see 
§  86.328,  immediately  after  the  hang  up 
check.  If  the  vacuum  side  leak-check 
does  not  meet  the  requirements  of 
§  86.328  the  test  is  void. 

(d)  For  a  valid  test,  the  analyzer  drift 
between  the  before-test  and  after-test 
(before  segment  and  after-segment  for 
Diesels)  span-checks  for  each  analyzer 
must  meet  the  following  requirements: 

(1)  The  span  drift  (defined  as  the  dif¬ 
ference  between  the  zero-response  and 
the  span-response)  must  not  exceed  2.0 
percent  of  full-scale  for  each  range  used. 

(2)  The  zero-response  drift  must  not 
exceed  2.0  percent  of  full-scale. 

(i)  If  the  zero-response  drift  is  less 
than  2.0  percent  of  full  scale  the  before¬ 
segment  zero  response  is  to  be  used. 

(il)  If  the  zero-response  drift  is  be¬ 
tween  2.0  and  6.0  percent  of  full-scale, 
a  za*o-response  correction  based  on  an 


interpolation  which  is  linear  with  time 
is  acceptable. 

§  86.343—79  Chart  reading. 

(a)  A  computer  or  any  other  auto¬ 
matic  data  processing  devlce(s)  may  be 
used  as  long  as  the  system  meets  the  re¬ 
quirements  of  this  subpart. 

(b)  Determine  the  location  on  the 
chart  of  the  analyzer  responses  corre¬ 
sponding  to  the  end  of  each  mode. 

(c)  For  gasoline-fueled  engines  deter¬ 
mine  whether  the  test  cycle  was  run  in 
accordance  with  §  86.335  by  observing 
either  chart  event  marks,  speed  trace, 
torque  trace,  or  concentration  traces. 
The  test  will  be  invalidated  if  there  is-  a 
deviation  by  more  than: 

(1)  two  seconds  from  the  specifled 
time  for  each  mode,  or 

(2)  2  percent  of  maximum  torque  dur¬ 
ing  each  mode  excluding  the  first  10  sec¬ 
onds  of  each  mode,  or 

(3)  200  rpm  during  the  first  10  seconds 
of  each  mode,  or  100  rpm  during  the  re¬ 
mainder  of  each  mode. 

(d)  Determine  chart  deflections.  (1) 
Locate  the  last  10  seconds  of  each  gaso¬ 
line-fueled  engine  mode  except  CT.  Lo¬ 
cate  the  last  50  seconds  of  each  gaso¬ 
line-fueled  engrine  CT  mode.  For  all  Die¬ 
sel  engine  modes  locate  the  last  60  sec¬ 
onds. 

(2)  (1)  Determine  for  each  second  (or 
less)  the  percent  of  full  scale  deflec¬ 
tion  of  the  COi  CO,  HC,  and  NOx  ana¬ 
lyzers  for  each  mode  time  period. 

(ii)  Option  for  Diesel  engine  modes;  If 
the  deviation  from  a  constant  value 
straight  line  -(other  than  instrument 
noise)  during  this  60  seconds  is  less 
than  ±5  percent  of  full  scale,  a  simple 
average  of  the  interpreted  straight  line 
may  be  used  as  the  chart  deflection  for 
the  entire  60  seconds.  For  linear  instru¬ 
ments  the  straight  line  need  not  be  con¬ 
stant  value. 

(3)  Other  methods  of  determining  the 
percent  of  full-scale  deflection  of  the 
analyzers  may  be  used  only  with  prior 
approval  by  the  Administrator. 

(e)  Determine  COi  CO  HC  and  NOx 
concentrations.  (1)  For  lines^  instru¬ 
ments,  average  the  chart  deflections  for 
each  mode  time  period.  Determine  the 
concentration  for  this  average  chart  de¬ 
flection  using  calibration  data. 

(2)  For  non-linear  instruments,  cal¬ 
culate  concentrations  for  each  chart  de¬ 
flection  during  each  mode  time  period. 
Take  the  average  of  these  concentra¬ 
tions. 

(3)  If  the  option  in  subparagraph  (d) 
(2)  (ii)  is  employed,  then  those  chart  de¬ 
flections  are  applied  to  this  paragraph. 

(4)  For  purposes  of  this  paragraph, 
calibration  data  includes  calibration 
curves,  linearity  curves,  span  gas  re¬ 
sponse  and  zero  shift  corrections. 
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§  86.344—79  Humiditj  calculations. 


Fiqubb  D79-5. — Saturation  vapor  pressure  over  water  (pascals) 


(b)  The  fenowins  abbreTlatioos  (and  nnits)  are  used 
<n  thto  section: 

BARO»Barometric  pressure  (Pa) 

U>  Specific  baiii‘dity  (gm  HjO^m  of  dry 
air) 

K~0.6219  gm  niO/gtn  dry  air 
M(i,-Molerular  weight  of  air«28.Wt7 
MB,o~Molecular  weight  of  water >1S.01SS4 
PpB**  Saturation  vapor  (iressure  of  water  at 
the  dry  bulb  temperature  (Pa) 

Ppr— Saturation  vajror  pressure  of  water  at 
the  dewpoint  temperature  (Pa) 

Pv» Partial  itressure  of  water  vapor  (Pa) 
Pwa'^Saturation  vapor  pressure  of  water  at 
the  wet  bulb  temperature  (Pa) 
ToB-Dry  bulb  temperaiiire  (®K) 

TwB-Wet  bulb  temperature  (®K) 

Y— Water-vapor  volume  concentration 


(b)  The  specific  humidity  (H)  is  defined  by  equa¬ 
tion  (1). 

H _ KP^- 

BARO-Pv  (1) 

(c)  The  partial  pressure  of  water  vaiior  may  be  de* 
termined  in  two  manners: 

(1)  A  dew  point  device  may  be  used.  In  that  pase: 

P,=Pdp 

(2)  A  wet-bulb,  dry-bulb  method  may  be  used.  In 
that  case  “Ferrels  equation”  (eq.  (2))  is  used. 

Pr=PwB -  0.000G60(  7’db  -  Twb ) B ARO 
(H-0.00115(7’wb-273.15))  (2) 


(d)(1)  The  saturation  vapor  pressure  (Pwb)  of  water 
at  the  wet-bulb  temperature  is  defined  by  equation 

g)  (Ref.^'axlerand  Oreenspan,  equation  (23X  National 
ureau  ol  Standards). 

PwB=  Pxp  In  T ifB+  P xT 

(3) 

where  (Pwb  Is  in  Pascals  (Pa)) 

TwB»Wet-bulb  temperature  (®K) 
B--12.1507!W 
F»- -8.49922(10)’ 

Fi- -7.4231865(10)* 

F.-96.16ail47 

F>-2.4917616(10)-» 

F»--1.3160119(10)-» 

Ft- -1.1460454(10)-* 

F»-2.170r289(10)-‘' 

F7--3.610258(10)-'* 

Fj=3.8o04519(10)-« 

Fi=-1.4317(10)-« 

(2)  The  table  in  Figure  D79-5  may  lie  used  In  lieu  o^ 
equation  (3). 

(e)  The  saturated  vapor  pressure  of  water  at  the 
dry-bulb  temperature  (Pdb)  is  found  (if  retiulred)  by 
using  dry-bulL  absolute  tcmi>eraturc  (®K}  in  equation 

(3). 

(f)  The  percent  of  relative  humidity  (KII)  (if  required) 
Is  defined  by  equation  (4). 

IUI  =  ^  (100)  (4) 

tUB 

(g)  The  water-vapor  volume  concentration  of  the 
engine  intake  air  (Y)  is  defined  by  equation  (5). 

V  (H)(M^,)  P, _  . 

(MhjO  ^BARb-P,  ^ 


Temperatnre 

•C_ .  0  6.1  ftj  6.8  0.i  as  0.6  6.7  0.8  0.9 


0 .  610.752  615.207  619.690  624.203  628.744  633.315  637.916  642.545  647.205  651.894 

1  .  656.614  661.364  668144  670.056  675.796  680.669  685.572  690.507  695.473  700.471 

2  .  705.500  710.562  715.655  720.781  725.939  731.130  738  354  741.611  748  901  75Z224 

8 .  757.  .581  762.971  768  396  778854  779.347  784.874  790.436  798  033  801.664  807.331 

4  .  813.034  818.771  824.545  830.855  838200  842.082  848.001  858956  859.948  865.978 

5  .  87Z045  878149  884.291  898470  898  688  902.945  909.239  915.573  921.945  928  357 

6  .  934.808  941.2'.»8  947.828  054.399  961.009  967.660  974.351  981.083  987.856  994.670 

7  .  1,001.53  1,008.42  1,015.36  1,022.34  1,029.37  1,03843  1,043.54  1,050.70  1,057.89  1,065.13 

8  .  1,072.41  1,079.74  1,087.11  1,094.  .52  1,101.98  1,109.48  1,117.03  1,124.63  1, 13Z  27  1,139.95 

9  .  1,147.68  1,15.5.46  1.163.28  1,171.15  1.179.07  1,187.04  1,195.05  1,203.11  1,211.21  1,219.37 

10  .  1,227.57  1,235.83  1,244.13  1,2.52.48  1,260.88  1,269.32  1,277.82  1, '286. 37  1,294.97  1,303.62 

11  .  1,812.32  1,321.07  1,329.87  1,338.73  1,347.63  1,356.59  1,365.60  1,374.67  1,383.78  1,392.95 

12  .  1,402.17  1,411.45  1,420.78  1,430.16  1,439.60  1,449.10  1,4.58.64  1,468.25  1,477.91  1,487.62 

13  .  1,497.39  1,507.22  1,517.11  1,527.05  1,537.04  1,547.10  1,557.21  1,567.30  1,577.62  1,587.93 

14  .  1,598.25  1,608.66  1,619.12  1,629.85  1,640.24  1,650.88  1,661.59  1,672.36  1,683.18  1,694.00 

15  .  1,705.03  1,718  04  1,727.12  1,738.26  1,749.46  1,760.73  1,772.06  1,783.45  1,794.91  1,808  48 

16  .  1,818.01  1,8-29.67  1,841.38  1,853.17  1,885.02  1,876.93  1,888.91  1,900.96  1,913.08  1,925.27 

17  .  1,937.52  1,049.84  1,962.23  1,978  69  1,987.21  1,999.81  2,012.48  2,025.21  2,038.02  2,050.90 

18  .  2,063.85  2,076.87  2,(«9.97  2.103.13  2,116.37  2,129.68  2,143.07  2,158  53  2,170.06  2,183.66 

19  . 2,197.34  2,211.10  2,22893  2,23884  2,252.82  2,266.88  2.281.02  2,295.23  2.309.52  2,323.89 

20  .  2,33834  2,85‘2.86  2,367.47  2,382.15  2,398  91  2,411.76  2,426.68  2,441.68  2,456.77  2,471.93 

21  .  2,487.18  2,502.51  2,517.93  2,53842  2,549.00  2,56866  2,58841  2,596.34  2,612.16  2,628.16 

22  .  2,64825  2,660.42  2,67868  2,693.02  2,709.46  2,725.98  2,742.59  2,759.28  2,77807  2,792.tt4 

23  .  2,809.91  2,82896  2,84811  2,861.34  2,87867  2,896.09  2,913.00  2,931.20  2,948.89  2,966.68 

24  .  2,984.56  3,002.54  3,028  61  3,038.77  3,057.03  3,075.39  3,098  84  3,112.39  3,131.03  3,149.78 

25  .  3,16862  3,187.55  3,206.59  8  225.73  3,244.96  3,264.30  3,283.73  3,303.27  3,322.91  3,242.85 

26  .  3,36-2.49  3,382.43  3,4f)2.48  8,422.63  3,442.89  3,463.24  3,48871  3,  .508  28  3,528  95  8.548  73 

27  .  3,566.62  8587.62  3,688  72  3,629.93  3,651.25  3,672.67  3,694.21  3,715.86  8737.61  8759.48 

28  .  3,781.46  3,803.55  3,82.5.75  3,84807  3,67850  3,893.04  3,915.70  3,938.47  3,961.36  3,984.36 

29  .  4,007.48  4,030.71  4,054.06  4,On.53  4,101.12  4,124.83  4,148  65  4,172.59  4,196.66  4,220.84 

30  .  4,245.15  4,269.58  829813  4,318.80  834860  4,36852  4,39856  4,41873  844802  8469.44 


§  86.345—79  Eniis!<ion  calculations. 

(a)  The  following  abbreviations  (and  units)  are  used 
in  this  section. 

oc=  Atomic  hydrogcn/carbon  ratio  of 
the  fuel 

0— Dry  fuel-air  ratio  (measured) /fuel- 
air  ratio  (stoichiometric) 
BARO-Barometric  pressure  (in.  Ilg  A) 
BliP-Brakc  horsepower 
BSCO~  Drake  specific  carbon  monoxide 
emissions.  (gm/BIlP-IlR) 
B3FC«Brakc  specific  fuel  consumption 
(Ib/BlfP-IIR) 

BSne  — Brake  specific  hydrocarbon  emis¬ 
sions  (gm/  BliP-IT  R) 

BSNOx—Brake  specific  oxides  of  nitrogen 
emissions  (gm/BlIP-HK) 
DCO«CO  volume  concentration  in  ex¬ 
haust,  ppm  (dry) 

DCOj—COj  volume  concentration  in  ex¬ 
haust,  (dry) 

DnCnllC  volume  carlKMi  concentration 
in  exhaust,  ppm  C  (dry) 
DKNO-NO  volume  concentration  in  ex¬ 
haust,  in  ppm  (dry  and  hiunid- 
Ity  corrected) 

EIP “Engine  intake  pressure  (in.  Ilg  A) 

«■  BARO  —  inlet  depression. 
f/a=Mcasured  dry  fuel-nir  ratio 

II  “Humidity  of  the  inlet  air  in  grain 
of  wat(«  per  pound  of  dry  air 
“(0.0748/453.59)  (gm.  HiO/gm. 
air) 

K“Water  —  gas  equilibrium  constant 
“3.5 

KNOi“Humidity  correction  factor  for 
oxides  of  nitrogen 
Kw“Wet  to  dry  correction  factor 
Mc“  Atomic  weight  of  carbon 
(Mc-|-MH)“Mean  molecular  weight  of  the  fuel 
per  carbon  atom 


Mco“Atomlc  weight  of  CO 
Mh“  Molecular  weight  of  hydrogen 

MNo,“Molecnlar  weight  of  nitrogen  di¬ 
oxide  (NOs) 

T“Temperature  ol  inlet  air  “F 
Wco“Mass  rate  of  CO  in  exhaust,  grams/ 
hr. 

Wf“Ma.ss  flow  rate  of  fuel  u.sed  in  the 
engine,  grams/hr  =  (453.59)  X 
(Wi  Ibs/hr) 

WIIC“HC  volume  concentration  in  ex¬ 
haust,  ppm  C  (wet) 

WHC=Mass  rate  of  HC  in  exhaust, 
grams/hr 

W.No*=Mass  rate  of  NOx  la  exhaust, 
grams/hr 

Y“U20  volume  concentration  of  in¬ 
take  air,  %  (see  $  86.344) 

(b)  Determine  the  exhaust  species  volume  concentra¬ 
tion  for  each  mode. 

(c)  Convert  the  measured  hydrocarbon  (HC)  volume 
concentrations  to  a  dry  basis  per  the  following: 

W’et-concen  tratlons  “  K  w  Xdry-concentrations 
Kw  is  defined  by  the  ertuation  in  Figure  D79-8 

(d)  Multiply  the  dry  nitric  oxide  volume  concentra¬ 
tions  by  the  following  humidity  correction  factor:  (1) 
GasoUiie-fueled  engines: 

Kno.=0.6272+0.00629II-0.0(X)0176U« 

(2)  Diesel  engines: 

Kno.=j^A(h-75)-(-B(T-85) 

A“0.044  (f/a)-0.0088 
B- -0.116  (t/a)+0.0053 
T“Temperature  of  inlet  air,  ®Fj 

(e) (1)  Compute  the  dry  (f/a)  as  follows: 
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Figure  D79-6  -  VET  TO  DRY  CORRECTIOW  FACTOR 

(i+t)  stokl» 


4  77 


i.  _/__2£2__\-/_£tiL.U25  [  ^  PHC  \  _ 

7  \  ^  (10)  <>  /  \7  10^/  ^  /~r>r 


7'j  o< 


I — !< _ \  +  / _ SlU] _ 

*  (  )^(  1  _  PHC  [ 

V7  (10) ‘v  \  X  (10)^  / 


((/<)  stoic  h  = 


M^.+cxMj^ 


138  18 


<ii)  Weight  the  remaining  modes  by 
mnltiplying  the  values  by  0.08. 

(i)  Calculate  the  brake  specific  emis¬ 
sions  for 

(1)  each  gasoline-fueled  engine  test 
cycle,  and 

(2)  each  Diesel  engine  test  by  sum-  ^ 
ming  the  weighted  values  (BHP,  Whc, 
Woo,  and  Wno.)  from  each  mode  as 
follows: 


X  weighted  BHP 


BSCO(l)  weighted 

~X  weighted  BHP 


BSNOx(l)  = 


X  weighted  W„o. 
X  ~mlght(^  BHP 


(i)  =Test  cycle  number  (i=l,  2) ,  gaso¬ 
line-fueled  engines  only. 

(j)  Calculate  the  brake  specific  fuel 
consumption  (BSFC)  from  the  non- 
weighted  BHP  and  Wr  for  each  mode. 
Oasoline-fueled  engine  idle  and  CT 
modes  and  Diesel  idle  modes  are 
excluded. 


‘nSFC= 


Wf 

Corrected  BIlP 


where 

X  «  nco^/lO^  +  DCO/10®  -1^  DHC/10^ 


(2)  When  calculating  the  (f/a)  ratio 
to  be  used  In  determining  Kw,  use  only 
the  airflow  entering  the  combustion 
chamber.  This  may  require  subtraction 
of  bleed-air,  etc.  from  the  measured  air¬ 
flow. 

(f)  (1)  Data  validation:  Compare  the 
calculated  dry  <f/a)  with  the  measured 
fuel  and  air  flow.  For  a  valid  test  the 
emission  calculated  (f/a)  must  agree 
within  10%  of  the  measured  (f/a)  for 
each  mode.  Oasoline-fueled  engine  idle 
and  CT  modes  and  Diesel  engine  idle  and 


ID 


HC  grdnw/hr  =  = 


2  percent  modes  do  not  have  to  meet  this 
requirement. 

(2)  Fuel/Air  ratio  comparison:  When 
comparing  measured  (f/a)  ratio  to  an 
emissions  calculated  (f/a)  ratio,  the 
measured  airflow  (in  terms  of  mass)  is 
the  total  mass  of  air  entering  the  exhaust 
pipe.  This  may  include  additions  of  air 
mass  to  the  exhaust  pipe  by  an  air  injec¬ 
tion  system. 

(g)  Calculate  the  mass  emissions  of 
each  species  in  grams  per  hour  for  each 
mode  as  follows: 


PHC 

10^ 


W< 


+  DCO.,  H 


PHC 

10" 


(2)  CO  gidni$/hf 


M 


Wco  = 


oco 

CO  no" 


vv 
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PHC^ 

DCO  ,  1 

^  10"  i 


M 


NO 


(3)  NOx  £rdn>s/hr  =i  - 


PKNQ 

10" 


W 


(Me  «Mh1 

\  2  10  / 
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(h)(1)  For  gasoline-fueled  engines. 
Weight  the  mass  values  of  BHP,  Whc, 
Woo.  Wt,  and  Wroi  for  each  mode  by 
multiplying  the  modal  mass  values  by  the 
appropriate  modal  weighting  factor 
prescribed  by  S  86.335. 


(2)  For  Diesel  fueled  engines.  Weight 
the  values  of  BHP,  Who,  Woo,  Who.,  and 
Wf  as  follows: 

(i)  Average  the  values  obtained  from 
the  three  idle  modes  and  multiply  this 
value  by  (0.2/3) .  Substitute  this  value  for 
each  of  the  three  idle  modes. 


where 

Corrected  BliP 


=  BHP 


r29.001  r  T-f- 4.59.691" 
LeIpJ  185-1^459.691 


where 


n=0.5  for  gasoline-fueled  engines 
=  0.7  for  diesel  engines 

(2)  Other  methods  of  correcting  power 
to  determine  BSFC  may  be  used  only 
with  prior  approval  of  the  Administrator. 

(k)  Calculate  the  weighted  brake 
specific  fuel  consumption  (WBSFC)  for 

(l)  each  gasoline  engine  test  cycle, 
and 

(2)  each  diesel  engine  test  by  sum¬ 
ming  the  weighted  values  (Wf  and  cor¬ 
rected  BHP)  from  each  mode  as  follows: 

WBSFC  (1)  =  _ 

X  weighted  corrected  BHP 

Wf=Puel  flow  In  Ib/hr 

(i)=Test  cycle  number  (1=1,2),  gaso¬ 
line-fueled  engines  only. 

(1)  For  gasoline-fueled  engines.  Cal¬ 
culate  the  brake  specific  emissions  and 
fuel  consiunption  for  the  complete  test 
as  follows: 

BSHC(T)  =0.35  BSHC(l)  -f  0.66  B8HC(2) 
BSHC(T)  =0.36  B8HC(l)-f0.66  B8HC(2) 
BSCO(T)  =0.36  BS(X>(1)  -|-0.66  B8CO(2) 
BSNOx(T)  =0.36  BSNOx(l) -f  0.65  BSNOx(2) 
WBSPC(T)  =0.36  WBSPC(l) 

-fO.66  WBSPC(2) 

12.  The  title  to  Subpart  H  is  revised 
to  read  as  follows: 

Subpart  H — Emission  Regulations  for  New 

1977  and  1978  Model  Year  (Sasoline- 

Fueled  Heavy  Duty  Engines;  Test  Proce¬ 
dures 

13.  Section  8  86.777-1  is  revised  to 
read  as  follows: 

§  86.777—1  General  applicability. 

The  provisions  of  this  subpart  airily 
to  new  1977  and  1978  model  year 
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gasoline-fueled  heavy  duty  engines. 

14.  New  sections  $86,870-5  through 
$  86.879-14  are  added  to  subpart  I  and 
read  as  follows: 

§  86.879—5  Test  prfxredures. 

The  procedures  described  In  this  and 
subsequent  sections  will  be  the  test  pro¬ 
gram  to  determine  the  conformity  of 
engines  with  the  standard  set  forth  in 
$  86.077-1 1(a). 

(a)  The  test  consists  of  a  prescribed 
sequence  of  engine  operating  conditions 
on  an  engine  dynamometer  with  con¬ 
tinuous  examination  of  the  exhaust 
gases.  The  test  is  atvUcable  equally  to 
controlled  engines  equipped  with  means 
for  preventing,  controlling,  or  eliminat¬ 
ing  smoke  emissions  and  to  uncontrolled 
engines. 

(b)  The  test  is  designed  to  determine 
the  opacity  of  smoke  in  exhaust  emis¬ 
sions  during  those  engine  (derating  con¬ 
ditions  which  tend  to  prMnote  smoke 
from  Diesel-powered  vehicles. 

(c)  The  test  procedure  begins  with  a 
warm  engine  which  is  then  nm  through 
preloading  and  preconditioning  opera¬ 
tions.  After  an  idling  period,  the  engine 
is  operated  through  acceleration  and 
lugging  modes  during  which  smoke  emis¬ 
sion  measurements  are  made  to  compare 
with  the  standards.  The  engine  is  then 
returned  to  the  idle  condition  and  the 
acceleration  and  lugging  modes  are  re¬ 
peated.  Three  sequences  of  acceleration 
and  lugging  constitutes  the  full  set  of 
operating  conditions  for  smoke  emission 
measurement. 

(d)  Except  in  cases  of  component 
malfunction  or  failure,  all  emission  con¬ 
trol  systems  installed  on  or  incorporated 
In  a  new  motor  vehicle  engine  shall  be 
functioning  during  all  procedures  in  this 
subpart.  Maintenance  to  correct  compo¬ 
nent  malfunction  or  failure  shall  be  au¬ 
thorized  in  accordance  with  $  86.077-24. 

§  86.879—6  Diesel  fuel  specifications. 

The  requirements  of  this  section  are 
set  forth  in  $  86.307. 

§  86.879—7  Dynamometer  operation  cy¬ 
cle  for  smoke  emission  tests. 

(a)  The  following  sequence  of  opera¬ 
tions  shall  be  iierformed  during  engine 
dynamometer  testing  of  smoke  emissions, 
starting  with  the  dynamometer  preload¬ 
ing  determined  and  the  engine  precon¬ 
ditioned  ($  86.879-12(c) ). 

(1)  Idle  mode.  The  engine  is  caused 
to  idle  for  5  to  5.5  minutes  at  the  manu¬ 
facturer’s  recommended  low  idle  speed. 
The  dynamometer  controls,  shall  be  set 
to  provide  minimum  load  by  turning  the 
load  switch  to  the  “off"  position  or  by 
adjusting  the  controls  to  the  minimum 
load  position. 

(2)  Acceleration  mode.  (1)  The  engine 
speed  shall  be  increased  to  200  ±50  r.p.m. 
above  the  manufacturer’s  recommended 
low  idle  speed  within  3  seconds. 

(li)  Inunediately  upon  completion  of 
the  mode  specified  in  paragraph  (a)  (2) 
(i)  of  this  section,  the  throttle  shall  be 
moved  rapidly  to,  and  held  in,  the  fully- 
open  position.  The  inertia  of  the  engine 
and  the  dynamckneter,  or  alternately  a 
preselected  dynamometer  locul,  shall  be 
used  to  control  the  acceleration  of  the 
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engine  so  that  the  s];>eed  increases  to  85 
percent  of  the  rated  speed  in  5±1.5  sec¬ 
onds.  This  acceleration  shall  be  linear 
within  100  rj)jn.  as  specified  in 
§  86.879-13(0. 

(iii)  After  the  engine  reaches  the 
speed  required  in  paragraph  (a)  (2)  (ii) 
of  this  section,  but  before  the  speed  ex¬ 
ceeds  90  percent  of  the  rated  speed,  the 
throttle  shall  be  moved  rapidly  to,  and 
held  in,  the  fully-closed  position.  Im¬ 
mediately  after  the  throttle  is  closed,  the 
preselected  load  required  to  perform  the 
acceleration  in  i>aragraph  (a)  (2)  (iv)  of 
this  section  shall  be  applied. 

(iv)  When  the  engine  decelerates  to 
the  intermediate  speed  (within  50 
r.p.m.),  the  throttle  shall  be  moved 
rapidly  to,  and  held  in,  the  fully-open 
PKXsitlon.  The  preselected  dynamometer 
load  which  was  £^plied  during  the  pre¬ 
ceding  transition  period  shall  be  used  to 
control  the  acceleration  of  the  engine 
so  that  the  speed  increases  to  at  least  95 
percent  of  the  rated  speed  in  10  ±2 
seconds. 

(3)  Lugging  mode,  (i)  Immediately 
upon  completion  of  the  preceding  ac¬ 
celeration  mode,  the  dynamometer  con¬ 
trols  shall  be  adjusted  to  permit  the 
engine  to  develop  maximum  horsepower 
at  rated  speed.  This  transition  period 
shall  be  50  to  60  seconds  in  dm^tion. 
During  the  last  ten  seconds  of  this  pe¬ 
riod,  the  engine  speed  shall  be  main¬ 
tained  within  50  r.pjn.  of  the  rated 
speed,  and  the  power  (corrected,  if  neces¬ 
sary.  to  luting  conditions)  shall  be  no 
less  than  95  percent  of  the  maximum 
horsepower  developed  at  the  zero-hour 
point. 

(ii)  With  the  throttle  remaining  in 
the  fully-open  position,  the  dynamom¬ 
eter  controls  shall  be  adjusted  gradually 
so  that  the  engine  speed  is  reduced  to  the 
intermediate  speed  (within  50  r.p.m.). 
This  lugging  (^ration  shall  be  per¬ 
formed  smoothly  over  a  period  of  35  ±5 
seconds.  The  rate  of  slowing  of  the 
engine  shall  be  linear,  within  100  r.p.m., 
as  specified  in  $  86.879-13(c). 

(4)  Engine  unloading.  Immediately 
upon  completion  of  the  preceding  lug¬ 
ging  mode,  the  dynamometer  and  engine 
shall  be  returned  to  the  idle  condition 
described  in  paragraph  (a)  (i)  of  this 
section. 

(b)  The  procedures  described  in  para¬ 
graphs  (a)(1)  through  (a)(4)  of  this 
section  shall  be  repeated  until  three  con¬ 
secutive  valid  cycles  have  been  com¬ 
pleted.  If  three  valid  cycles  have  not  been 
completed  after  a  total  of  six  consecu¬ 
tive  cycles  have  been  run,  the  engine 
shall  1^  preconditioned  by  operation  at 


maximum  horsepower  at  rated  speed  for 
10  minutes  before  the  test  sequence  is 
r^^eated. 

§  86.879—8  Dynamometer  and  engine 
equipment. 

The  following  equipment  shall  be  used 
for  smoke  emission  testing  of  engines  on 
engine  dynammneters. 

(a)  An  engine  dynamometer  with  ade¬ 
quate  characteristics  to  perform  the  test 
cycle  described  in  $  86.879-7. 

(b)  An  engine  cooling  system  having 
sufficient  capckcity  to  maintain  the 
engine  at  normal  operating  temp)era- 
tures  during  conduct  of  the  prescribed 
engine  tests. 

(c)  A  nonlnsulated  exhaust  system 
extending  15 ±5  feet  frwn  the  exhaust 
manifold,  or  the  crossover  junction  in 
the  case  of  Vee  engines,  and  presenting 
an  exhaust  back  pressure  within  ±0.2 
inch  Hg  of  the  upper  limit  at  maximum 
rated  horsep>ower.  as  established  by  the 
engine  manufacturer  in  his  sales  and 
service  literature  for  vehicle  application. 
A  conventional  autmnotive  muffler  of  a 
size  and  type  commonly  used  with  the 
engine  being  tested  shall  be  employed  in 
the  exhaust  system  during  smoke  emis¬ 
sion  testing.  The  terminal  2  feet  of  the 
exhaust  pipe  jshall  be  circular  cross  sec¬ 
tion  and  be  free  of  elbows  and  bends. 
The  end  of  the  pipe  shall  be  cut  off 
squarely.  The  terminal  2  feet  of  the  ex¬ 
haust  pipe  shall  have  a  diameter  in  ac¬ 
cordance  with  the  engine  being  tested,  as 
specified  below: 

Exhaust  pipe 
diameter 


Maximum  rated  horsepower:  (Inches) 

Less  than  101 _  2 

101-200  . . .  3 

201-300  . 4 

301  or  more _  5 


(d)  An  engine  air  inlet  system  present¬ 
ing  an  air  inlet  restriction  within  ±1 
inch  of  water  of  the  upper  limit  for  the 
engine  operating  condition  which  results 
in  maximum  air  flow,  as  established  by 
the  engine  manufacturer  in  his  sales  and 
service  literature,  for  the  engine  being 
tested. 

§  86.879—9  Smoke  measurement  system. 

(a)  Schematic  drauHng.  The  Figure 
179-1  is  a  schematic  drawing  of  the  op¬ 
tical  system  of  the  light  extinction  meter. 

(b)  Equipment.  ’Ihe  following  equip¬ 
ment  shall  be  used  in  the  system; 

(1)  Adapter — the  smokemeter  optical 
unit  may  be  mounted  on  a  fixed  or  mova- 
be  frame.  The  normal  unrestricted  shape 
of  the  exhaust  plume  shall  not  be  modi¬ 
fied  by  the  adapter,  the  meter,  or  any 
ventilator  system  used  to  remove  the  ex¬ 
haust  from  the  test  site. 
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(2)  SmotEemeter  (light  extinctiMi 
meter) — continuous  recording,  lull-flow 
light  obscuration  meter.  It  shaU  be  posi¬ 
tioned  near  the  end  <rf  the  exhaust  pipe 
so  that  a  built-in  light  beam  traverses 
the  exhaust  smoke  plume  which  issues 
from  the  pipe  at  right  angles  to  the  axis 
of  the  plume.  The  light  soxirce  is  an  in¬ 
candescent  lamp  <H>erated  at  a  constant 
voltage  of  not  less  than  15  percent  of  the 
manufacturer’s  specified  voltage.  The 
lamp  output  is  collimated  to  a  beam  with 
a  nominal  diameter  <rf  1.125  inches.  The 
angle  of  divergence  of  the  collimated 
beam  shaU  be  within  4*  included  angle. 
A  light  detector,  directly  opposed  to  the 
light  source,  measures  the  amoimt  of 
light  blocked  by  the  smoke  in  the  ex¬ 
haust.  The  detector  sensitivity  is  re¬ 
stricted  to  the  visual  range  and  ccunpara- 
ble  to  that  of  the  human  eye.  A  collimat¬ 
ing  tube  with  apertures  equal  to  the  beam 
diameter  is  attached  to  the  detector.  (It 
restricts  the  viewing  angle  of  the  detec¬ 
tor  to  within  16°  Included  angle.)  An  am¬ 
plified  signal  corresponding  to  the 
amount  of  light  blocked  is  recorded  con¬ 
tinuously  on  a  remote  recorder.  An  air 
curtain  across  the  light  source  and  de¬ 
tector  window  assemblies  may  be  used  to 
minimize  deposition  of  smoke  particles 
on  those  surfaces  provided  that  it  does 
not  measurably  affect  the  opacity  of  the 
plume.  The  meter  consists  of  two  units, 
an  optical  unit  and  remote  control  unit. 
Light  extinction  meters  employing  sub- 
stmtlallv  Identical  measiu’ement  princi¬ 
ples  and  producing  substantially  equiv¬ 
alent  results  but  which  employ  other 
electronic  and  optical  techniques  may  be 
used  only  after  being  approved  in  ad¬ 
vance  by  the  Administrator. 

(3)  Recorder — a  continuous  recorder, 
with  variable  chart  speed  over  a  mini¬ 
mal  range  of  0.5  to  8.0  inches  per  minute 
(or  equivalent)  and  an  automatic  marker 
indicating  1 -second  Intervals  shall  be 
used  for  continuously  recording  the  ex¬ 
haust  gas  (vacitv,  engine  rpm  and  throt¬ 
tle  position.  The  recorder  shall  be 
equipped  to  Indicate  only  when  the  throt¬ 
tle  is  in  the  full-open  or  fully-closed  r>osl- 
tlon.  The  recorder  scale  for  opacity  shall 
be  linear  and  calibrated  to  read  from  0 
to  100  percent  opacity  full  scale.  The 
opacity  trace  shall  have  a  resolution 
within  1  percent  opacity.  The  recorder 
scale  for  engine  r.p.m.  shall  be  linear 
and  have  a  resolution  of  30  r.p.m.  The 
throttle  position  trace  must  clearly  in¬ 
dicate  when  the  throttle  is  in  the  fully- 
open  and  fully-closed  positions.  Any 
means  other  than  a  strip-chart  recorder 
may  be  used  rwovlded  it  produces  a  per¬ 
manent  visual  data  record  of  quality 
equal  to  or  better  than  that  described 
above. 

(4)  The  recorder  used  with  the  smoke¬ 
meter  shall  be  capable  of  full-scale  de¬ 
flection  in  0.5  second  or  less.  The  smoke¬ 
meter-recorder  combination  may  be 
damped  so  that  signals  with  a  frequency 
higher  than  10  cycles  per  second  are  at¬ 
tenuated.  A  separate  low-pass  electronic 
filter  with  the  following  performance 
characteristics  may  be  installed  between 
the  smokemeter  and  the  recorder  to 
achieve  the  high-frequency  attenuation. 


(1)  3  decibel  point— 10  cycles  per  sec¬ 
ond. 

(ii)  Insertion  loss-zero  ±0.5  decibels. 

(iii)  Selectivity — 12  decibels  per  octave 
above  10  cycles  per  second. 

(iv)  Attenuation — 27  decibels  down  at 
40  cycles  per  second  minlmiun. 

(c)  Assembling  eonipment.  (1)  The 
optical  unit  of  the  smokemeter  shall  be 
mounted  radially  to  the  exhaust  pipe  so 
that  the  measurement  will  be  made  at 
right  angles  to  the  axis  of  the  exhaust 
pliime.  The  distance  from  the  optical 
centerline  to  the  exhause  pipe  outlet  shall 
be  5±1  inch.  The  full  flow  of  the  exhaust 
stream  shall  be  centered  between  the 
source  and  detector  apertures  (or  win¬ 
dows  and  lenses)  and  on  the  axis  of  the 
light  beam. 

(2)  Power  shall  be  supplied  to  the  con¬ 
trol  imit  of  the  smokemeter  in  time  to 
allow  at  least  15  minutes  for  stabilization 
prior  to  testing. 

§  86.879—10  Information  to  be  recmrded. 

The  following  Information,  as  applica¬ 
ble,  shall  be  recorded  for  each  t^. 

(a)  Engine  Description  and  specifica¬ 
tions.  (1)  Engine  identification  numbers. 

(2)  Number  of  hours  of  operation  ac¬ 
cumulated  on  engine. 

(3)  Engine-system  combination. 

(4)  Engine  displacement. 

(5)  Low  idle  r.pjn. 

(6)  Exhaust  pipe  diameter(6) . 

(7)  Governed  speed. 

(8)  Rated  maximum  horsepower  and 
torque. 

(9)  Maximum  horsepower  and  torque 
speeds. 

(10)  Fuel  consumption  at  maximum 
power  and  torque 

(11)  Fuel  injector  tJT)e. 

(12)  Air  aspiration  system. 

(13)  Maximum  exhaust  system  back 
pressure. 

(14)  Air  inlet  restriction. 

(15)  Maximum  air  flow. 

(b)  Test  data.  (1)  Test  number. 

(2)  Date  and  time  of  day. 

(3)  Instrument  operator. 

(4)  Engine  operator. 

(5)  Smokemeter:  Number-zero  con¬ 
trol  setting — calibration  control  set- 
Ing — gain. 

(6)  Recorder  chart:  Identify  zero 
traces— calibration  traces — idle  traces — 
closed  throttle  trace — open  throttle 
trace — acceleration  and  lug  down  test 
traces — start  and  finish  of  each  test. 

(7)  Intake  air  humidity  and  tempera- 
ture.  (i)  Humidity  conditioned  air.  Air 
that  has  had  its  absolute  humidity  al¬ 
tered  is  considered  humidity  conditioned 
air.  For  this  tsrpe  of  intake  stir,  the  hu¬ 
midity  measurement  must  be  made  with¬ 
in  the  intake  air  system,  and  after  the 
air  conditioning  has  taken  place.  Also, 
this  measurement  must  be  made  within 
48  inches  of  the  engine. 

(ii)  Non -conditioned  air.  Humidity 
measurements  in  non-conditioned  intake 
air  systems  must  be  made  in  the  intake 
air  stream  and  within  18  Inches  of  the 
inlet  for  engine  intake  air  system. 

(iii)  Intake  air  temperature  measiure- 
ment  must  be  made  In  the  intake  air 
stream  and  within  48  inches  of  the  en¬ 
gine. 


(iv)  Temperature  and  humidity  de¬ 
vices  must  have  a  time  constant  r,  be¬ 
tween  13  and  52  seconds.  For  a  given  in¬ 
stantaneous  step  change  the  measure¬ 
ment  system  must  respond  to  63.2%  of 
that  step  change.  If  the  temperature 
and  humidity  measurement  systems  have 
a  time  constant  r,  less  than  13  seconds, 
then  the  measurements  will  be  sampled 
at  a  rate  four  or  more  times  faster  than 
the  time  constant  r  and  averaged.  For 
continuously  integrated  intake  air  tem¬ 
perature  systems,  excursions  exceeding 
the  temperature  limits  for  30  seconds  or 
less  will  be  allowed. 

(8)  Dynamometer  room  temperature 
must  be  measured  in  two  locations  in  the 
ro(»n  within  10  feet  of  the  engine.  The 
two  measur«nents  are  averaged.  The 
measurement  system  must  have  a  time 
constant,  r,  between  13  and  52  seconds. 
For  a  given  instantaneous  step  change 
the  measurement  system  must  respond 
to  63.2%  of  that  step  change.  If  the 
temperature  measurement  system  has  a 
time  constant,  r  less  than  13  seconds, 
then  the  measurements  will  be  sampled 
at  a  rate  four  or  more  times  faster  than 
the  time  constant  r  and  averaged.  For 
continuously  integrated  dsuamometer 
room  air  temperature  systems,  excur¬ 
sions  exceeding  the  temperature  limits 
for  30  seconds  or  less  will  be  allowed. 

(9)  Barometric  pressme,  before  and 
after  test. 

(10)  Observed  engine  torque  and 
speed  during  the  steady-state  test  con¬ 
ditions  specified  in  9  86.879-ll(a)  (3)  (i). 

(11)  Calibration  date(s)  of  neutral 
density  filters  used  to  calibrate  the 
smokemeter. 

§86.879—11  Instrument  rli<H'k». 

(a)  The  smokemeter  shall  be  checked 
according  to  the  following  procedure 
prior  to  each  test:  (1)  The  optical  sur¬ 
faces  of  the  o*’tical  section  shall  be 
checked  to  verify  that  they  are  clean 
and  free  of  foreign  material  and  finger¬ 
prints. 

(2)  The  zero  control  shall  be  adjusted 
under  conditions  of  “no  smoke”  to  give 
a  recorder  trace  of  zero. 

(3)  Calibrated  neutral  density  filters 
having  approximately  10,  20,  and  40  per¬ 
cent  opacity  shall  be  employed  to  check 
the  linearity  of  the  instrument.  The  fll- 
ter(s)  shall  be  inserted  in  the  light  path 
perpendicular  to  the  axis  of  the  beam 
and  adjacent  to  the  opening  from  which 
the  beam  of  light  from  the  light  source 
emanates,  and  the  recorder  response 
shall  be  noted.  The  nominal  opacity 
value  of  the -filter  will  be  confirmed  by 
the  Administrator.  Deviations  in  excess 
of  1  percent  of  the  nominal  opacity  shall 
be  corrected. 

(b)  The  instruments  for  measuring 
and  recording  engine  r.p.m.,  engine 
torque,  air  inlet  restrictions,  exhaust  sys¬ 
tem  back  pressure,  throttle  position,  etc., 
which  are  used  in  the  tests  prescribed 
herein,  shall  be  calibrated  in  accordance 
with  good  engineering  practice.  Neutral 
density  filters  shsdl  be  calibrated  semi¬ 
annually. 

§  86.879—12  Test  run. 

(a)  The  temperature  of  the  air  sup¬ 
plied  to  the  engine  shall  be  between 
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68 °F.  and  86 ‘F.  The  fuel  temperature  at 
the  pump  Inlet  shall  be  lOO’F.  ±10'F. 
The  observed  barometric  pressure  shall 
be  between  28.5  Inches  and  31  inches  Hgr* 
Higher  air  temi>erature  or  lower  baro¬ 
metric  pressure  may  be  used,  if  desired, 
but  no  allowance  will  be  made  for  possi¬ 
ble  increased  smoke  emissions  because  of 
such  conditions. 

(b)  The  governor  and  fuel  system  shall 
have  been  adjusted  to  provide  engine 
performance  at  the  levels  in  the  applica¬ 
tion  for  certification  required  under 
§  86.079-21. 

(c)  The  following  steps  shall  be  taken 
for  each  test:  (1)  Start  cooling  system. 

(2)  Starting  with  a  warmed  engine,  de¬ 
termine  by  experimentation  the  dyna¬ 
mometer  inertia  and  dynamometer  load 
required  to  perform  the  acceleration  in 
the  dynamometer  cycle  for  smoke  emis¬ 
sion  tests  (5  86.879-7 (a)  (2) ).  In  a  man¬ 
ner  appropriate  for  the  dynamometer 
and  controls  being  used,  arrange  to  con¬ 
duct  the  acceleration  mode. 

(3)  Install  smokemeter  optical  unit 
and  connect  it  to  the  recorder.  Connect 
the  engine  r.p.m.  and  torque  sensing  de¬ 
vices  to  the  recorder. 

(4)  Turn  on  purge  air  to  the  optical 
unit  of  the  smokemeter,  if  purge  air  is 
used. 

(5)  Check  and  record  zero  and  span 
settings  of  the  smokemeter  recorder  at 
a  chart  speed  of  approximately  1  inch 
per  minute.  (The  optical  unit  shall  be 
retracted  from  its  position  about  the  ex¬ 
haust  stream  if  the  engine  is  left  run¬ 
ning.) 

(6)  Precondition  the  engine  by  oper¬ 
ating  it  for  10  minutes  at  maximum  rated 
horsepower. 

(7)  Proceed  with  the  sequence  of  smoke 
nnlssion  measurements  on  the  engine 
dynamometer  as  prescribed  in  §  86.879-7. 

(8)  During  the  test  sequence  of  §  86.- 
879-7,  continuously  record  smoke  meas¬ 
urements,  engine  r.p.m.,  and  throttle 
position  at  a  minimum  chart  speed  of  1 
Inch  per  minute  during  the  idle  mode 
and  transitional  periods  and  8  inches  per 
minute  during  the  acceleration  and  lug¬ 
ging  modes.  The  smokemeter  zero  and 
fuU  scale  recorder  defiectlons  may  be  re¬ 
checked  during  the  idle  mode  of  each 
test  sequence.  If  either  zero  or  full  scale 
drift  is  in  excess  of  2  percent  opacity,  the 
smokemeter  controls  must  be  readjusted 
and  the  test  must  be  repeated. 

(9)  Turn  off  engine. 

(10)  Check  zero  and  reset  if  necessary 
and  check  span  of  the  smokemeter  re¬ 
corder  by  inserting  neutral  density  filters. 
If  either  zero  or  span  drift  is  in  excess 
of  2  percent  opacity,  the  test  results  shall 
be  invalidated. 

§  86.879—13  Chart  reading. 

•Die  following  procedure  shall  be  used 
to  analyze  the  recorder  chart. 

(a)  Locate  the  modes  specified  in 
S  86.879-7  (a)(1)  through  (a)(4)  by  ap¬ 
plying  the  following  starting  and  ending 
criteria. 

(1)  Hie  idle  mode  specified  in  S  86.879- 
7(a)  (1)  starts  when  engine  precondi¬ 


tioning  or  the  lugging  mode  of  a  pre¬ 
ceding  cycle  has  been  completed  and 
ends  when  the  engine  speed  is  raised 
above  the  idle  speed. 

(2)  The  acceleration  mode  specified  in 
9  86.879-7(a)  (2)  (i)  starts  when  the  pre¬ 
ceding  idle  mode  has  been  completed  and 
ends  when  the  throttle  is  in  the  fully- 
open  position  as  indicated  by  the  throttle 
position  trace. 

(3)  The  acceleration  mode  specified  in 
9  86.879-7(a)  (2)  (ii)  starts  when  the  pre¬ 
ceding  acceleration  mode  has  been  com¬ 
pleted  and  ends  when  the  engine  speed 
reaches  85  percent  of  the  rated  speed. 

(4)  The  transition  period  specified  in 
9  86.879-7 (a)  (2)  (iii)  starts  when  the 
throttle  is  in  the  fully-closed  position 
and  ends  when  the  throttle  is  in  the 
fully-open  position  as  indicated  by  the 
throttle  position  trace. 

(5)  The  acceleration  mode  specified  in 
9  86.879-7(a)  (2)  (iv)  starts  when  the 
preceding  transition  period  has  been 
complete  and  ends  when  the  engine 
speed  reaches  95  percent  of  the  rated 
speed. 

(6)  The  transition  period  specified  in 
9  86.879-7(a)  (3)  (1)  starts  when  the  pre¬ 
ceding  acceleration  mode  has  been  com¬ 
pleted  and  ends  when  the  engine  speed 
is  50  r.p.m.  below  the  rated  speed  and 
the  provisions  of  9  86.879-7(a)  (3)  (i)  are 
met. 

(7)  The  lugging  mode  specified  in 
9  86.879-7(a)  (3)  (ii)  starts  when  the  pre¬ 
ceding  transition  period  has  been  com¬ 
pleted  and  ends  when  the  engine  speed  is 
at  the  intermediate  speed. 

(b)  Determine  if  the  test  requirements 
of  9  86.879-7  are  met  by  applying  the 
following  modal  criteria. 

(1)  Idle  mode  as  specified  in  9  86.879- 
7(a)  (1) :  (i)  Duration:  5  to  5.5  minutes. 

(ii)  Speed:  within  specifications. 

(2)  Acceleration  mode  as  specified  in 

9  86.879-7(a)  (2)  (1) :  (1)  Duration:  3 

seconds  or  less. 

(ii)  Speed  increase:  200±50  r.p.m. 

(3)  Acceleration  mode  as  specified  in 
9  86.879-7(a)  (2)  (ii) :  (i)  Linearity:  ±100 
r.p.m.  as  specified  in  paragraph  (c)  of 
this  section. 

(ii)  Duration:  3.5  to  6.5  seconds. 

(iii)  Throttle  position:  fully-open  un¬ 
til  speed  is  at  least  95  percent  of  the 
rated  speed. 

(4)  Transition  period  as  specified  in 
9  86.879-7(a)  (2)  (Hi) :  (i)  ThrotUe  posi¬ 
tion:  fully-closed  before  speed  exceeds 
90  percent  of  the  rated  speed. 

(5)  Acceleration  mode  as  specified  in 
9  86.879-7(a)  (2)  (Iv) :  (i)  Duration:  8  to 
12  seconds. 

(ii)  Throttle  position:  fully-open 
when  speed  is  at  intermediate  speed. 

(6)  Transition  period  as  specified  in 
9  86.879-7 (a)  (3)  (1):  (i)  Duration:  50  to 
60  seconds. 

(ii)  Speed  during  last  10  seconds 
within  ±50  r.p.m.  of  rated  speed. 

(iii)  Corrected  power  during  last  10 
seconds:  at  least  95  percent  of  horse¬ 
power  developed  during  zero-hour 
testing. 


(7)  Lugging  mode  as  specified  in 
9  86.879-7(a)  (3)  (ii) :  (1)  Linearity:  ±100 
r.p.m.  as  specified  in  paragraph  (c)  of 
this  section. 

(ii)  Duration:  30  to  40  seconds. 

(iii)  Speed  at  end :  intermediate  speed. 

(c)  Determine  if  the  linearity  require¬ 
ments  of  §  86.879-7  were  met  by  means 
of  the  following  procedure:  (1)  For  the 
acceleration  mode  specified  in  9  86.879-7 

(a)  (2)  (ii) ,  note  the  maximum  defiection 
of  the  r.p.m.  trace  from  a  straight  line 
drawn  between  the  starting  and  ending 
points  specified  in  paragraph  (a)(3)  of 
this  section. 

(2)  For  the  lugging  mode  specified  in 
9  86.879-7 (a)  (3)  (ii),  note  the  maximmn 
defiection  of  the  r.p.m.  trace  from  a 
straight  line  drawn  from  the  starting 
and  ending  points  specified  in  paragu'aph 
(a)  (7)  of  this  section. 

(3)  The  test  results  will  be  invalid  if 
any  defiection  is  greater  than  100  r.p.m. 

(d)  Analyze  the  smoke  trace  by  means 
of  the  following  procedure:  (1)  Starting 
at  the  beginning  of  the  first  acceleration, 
as  defined  in  paragraph  (a)  (2)  of  this 
section,  and  stopping  at  the  end  of  the 
second  acceleration,  as  defined  in  para¬ 
graph  (a)  (3)  of  this  section,  divide  the 
smoke  trace  into  Vi -second  intervals. 
Similarly,  subdivide  into  Vi -second  in¬ 
tervals  the  third  acceleration  mode  and 
the  lugging  mode  as  defined  by  r>ara- 
graphs  (a)  (5)  and  (7)  respectively,  of 
this  section. 

(2)  Determine  the  average  smoke 
reading  dvuring  each  Vi -second  interval. 

(3)  Locate  and  record  the  15  highest 
Vi -second  readings  diudng  the  accelera¬ 
tion  mode  of  each  dynamometer  cycle. 

(4)  Locate  and  record  the  five  highest 
Vi -second  readings  during  the  lugging 
mode  of  each  dynamometer  cycle. 

(5)  Examine  the  average  Vi -second 
values  which  were  determined  in  para¬ 
graphs  (3)  and  (4)  above  and  record 
the  three  highest  values  for  each  dyna¬ 
mometer  cycle. 

§  86.879—14  (lair ulat ions. 

(a)  Average  the  45  readings  in  9  86.- 
879-13(d)(3)  and  designate  the  value 
as  “A”. 

(b)  Average  the  15  readings  in  9  86.- 
879-13  (d)  (4)  and  designate  the  value  as 
“B”. 

(c)  Average  the  nine  readings  in  9  86.- 
879-13 (d)  (5)  and  designate  the  value  as 
“C”. 

15.  The  title  to  Subpart  J  is  revised 
to  read  as  follows: 

Subpart  J — Emission  Regulations  for  New 

1977  and  1978  Model  Year  Diesel  Heavy 

Duty  Engines;  Gaseous  Exhaust  Test  Pro< 

cedure 

16.  Sectiem  §  86.977-1  is  revised  to  read 
as  follows: 

§  86.977—1  General  applicability. 

The  provisions  of  this  subpart  apply  to 
new  1977  and  1978  model  year  Diesel 
heavy  duty  engines. 
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